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the staff of Nuc teonics. As we get 
ready for our big tenth anniversary 
issue next month, we've been reliving 
the experiences of the first decade of 
our publishing life. In the process, we 
can’t help but go over the happenings 
of the first decade of the civilian atomic 
energy industry toth are intimately 
intertwined, a fact of which we are very 
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writing, most of the manuscripts are in 
hand, and we must say that, although 
we've been living with this business 
over all these years, it’s been fascinat- 
ing to read in one collection of articles 
a comprehensive study of where the 
atom has been and where it may be 
This will not be a look at the 
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going. 
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glasses but rather will be a sharp, real 


world 


istic delineation of the problems ahead 

We hope you too will be with us next 
month to share in our celebration 

In addition to the look back that 
we'll be taking at the past decade, our 
authors will be looking ahead in the fol- 
lowing areas: power reactor technology 
reactor materials, reactor safety, reac- 
tor physics, nuclear fuels, chemical 
separations technology, nuclear chemis 
try, radioisotopes, nuclear physics, nu- 
clear propulsion, fusion, nuclear instru 
mentation, and the outlook for utilities 
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formation. Should we present sum- 
Should we just pub- 


Should 


maries of papers? 


lish over-all highlights? we 
just solicit certain of the papers? 


Ideally like to all 


Practically, severely limited by 


we'd do these. 
we're 
how many staffers we can break loose 
for any one meeting 

Always willing and eager to try a new 
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Look for this symbol of quality 
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LOS ALOMOS TYPE E/S5 


These Blickman-Built stainless steel vacuum rack 
enclosures are designed for the safe handling of 
radioactive materials in research applications. Two 
types of racks are available. 

TYPE E5-1 has a vertically-rising door. A similar 
door can be provided on the opposite side if opera- 
tion from two sides is desired 

TYPE €5-2 has sliding doors with can also be pro- 
vided on the opposite side for two-sided opera- 
tion. Available in various lengths to meet specific 
requirements. 





CALIFORNIA TYPE E/8 


Seamless, crevice-free, 
round-corner construction 
assures easy cleaning, fa- 
cilitates decontamination. 


This Blickman-Built hood is de- 
signed for the handling of haz- 
ardous substances such as ra- 
dioactive isotopes and other 
radioactive materials. The air 
supply to the hood is filtered 
through expendable type filters 
located at both ends. 


BLICKMAN 
SAFETY ENCLOSURES 
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BcW Pressure Vessels 


11 FT. DIA, 





























“B&W Clad” is a patented, electric-resistance 
welding process designed and developed by 
B&W engineers specifically to weld station- 
ary-clamped base plate and alloy sheets. 



































REACTOR VESSEL 


This 8500-ton capacity hydraulic press bends 
and forms steel plate often over seven inches 
thick for pressure vessels. 
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For Nuclear Reactors 


¢ Resist Corrosion « Withstand Thermal Stresses 
¢ Provide Absolute Leak-Tightness 


Unqualified structural soundness throughout is the 
basic requirement for pressure vessels in nuclear 
service —a requirement that B&W pressure vessels 
have been meeting since long before nuclear energy 
became a power source. 

Design, engineering and manufacturing methods for 
B&W pressure vessels, long proved in service, assure 
absolute control over corrosion, thermal stresses and 


leaks. 
Starting the automatic electric welding oper- . 
ation that follows heavy press forming and As with complete B&W Nuclear Power Systems, 
machine-grooving of edges, to weld the pres- every B&W pressure vessel designed for nuclear use 
sure vessel sections into an integral structure. 
Bottom section, various nozzles and attach- 
ments, lid or closure, are last to be attached. 


represents the combined knowledge and experience 
acquired through long, acknowledged leadership in 
all phases of conventional steam generation, active 
participation in many AEC-sponsored projects, and 
a continuing, intensive program of independent 
nuclear research, by a staff well-qualified for theo- 
retical and experimental work, 

The men, minds, skills, experience and facilities 
needed to build reliable nuclear steam systems or 
components at reasonable cost are yours from. . . 
The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 


AE-22A 


Gamma ray sources have been used by B&W 
for radiographic examinations of weld seams 


in pressure vessels for many years. X-ray BABCOCK 


examinations, by machines of up to 2-million 


examinations, by machines £ WILCOX | 
ATOMIC 


ENERGY 
DIVISION 
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* Lift capacity of 750 pounds % Fine control for precise manipulations * Natural controls cut operator training time 


ga 
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* Visual-audio signals to indicate grip force. * Continuous, right or left, wrist rotation. 


a 


‘ot THE GENERAL MILLS MECHANICAL ARM IS THE ONLY 
oe | Liammall He REMOTE-CONTROL MANIPULATOR 
bine 3 TO GIVE YOU ALL THESE FEATURES* 


* Continuous rotation of entire arm. * Forearm bends 220 degrees * Swings through 180 degree arc 


* Holds position with hands 
off controls 


* Simple electrical linkage permits mounting 
on crane or vehicle for complete mobility 


* Adaptable to telescopic and television view 
ing for “limitiess” reach 


* Complete line of tools, remotely 
interchangeable 


= ig 
tat q 


About to buy your first remote-control 
manipulator? Thinking of installing an 
additional one? In either event, get the 
facts about the General Mills Mechanical 
Arm first. Here’s a manipulator that can 
handle heavy-duty or precise manipula- 


tions without modification or adjustment 
between operations. Its unusual mobility 
and ease of control make it even more 
desirable for “hot lab”’ installations. 
Other exclusive features merit your in- 
vestigation as well. 


For new bulletin, write Department N&, Mechanical Division of General Mills, 
1620 Central Avenue, Minneapolis 13, Minnesota 


MECHANICAL DIVISION 
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Creative Research and Development 
Precision Engineering and Production 





If you are concerned with: 


Reactor development... 
Atomic energy projects... 
Nuclear problems... 


This data book 
will help you 


In nuclear science and engineering the 
importance of the neutron absorption re- 
action ol the boron isotope Bo is well 
recognized 

Now, for the first time, available data 
on the development of numerous stable, 
boron-rich materials have been compiled 
and coordinated by Norton in one con- 
venient reference book. 

This book is the ““Handbook on Boron 
Carbide and Elemental Boron’’ — a com- 
pact source of technical information on 
materials made by Norton for use in the 





atomic energy field. 
4 partial list of the table of contents 








include ; Boron for neutron absorption ge This new free Norton “Handbook on Boron Carbide and Elemental 
Technical grade boron . . . Properties of Boron’’, is a valuable reference, containing both fundamental 
boror Commercial grades of boron data and practical information. Printed in colors with many 


carbide Radiation damage to boron car- 
hide Bonded boron carbide (carbon, 
silicate, plastic, metal) Boron nitride... 


related fields. 


Metal boride Phese and many other sub- a result, Norton now produc es these ma- 
jects a fully described and illustrated terials to highest purity standards, at 


with tables, charts and photographs. prices ranging between one-half and 


‘ one-tenth of former pricing. 
A Quarter-Century of Experience . 
Work in Norton laboratories on boron Other Norton 
comp began some 25 years ago. Electric Furnace Products 
This included the development of of special interest to nuclear engineers 
NORBIDE* boron carbide, the hardest ma- include aLUNDUM*® fused alumina, CRYS- 
terial yet produced commercially. Nor- roton® silicon carbide, MAGNORITE* mag- 
ton facilities for producing NORBIDE wear- nesium Oxide, FUSED ZIRCONIA and various 
tant articles and abrasive have been refractory carbides, oxides and nitrides. 
to supply boron carbide in Besides being the basic ingredients of 
forms for atomic energy ap- the famous Norton Refractory R's — re- 
frac tories enginee red and prese ribed for 
t Norton de velopment has been the widest range of conventional applica- 
nproving the quality, increas- tions these high-melting materials are 
production and reducing the finding many new and valuable uses in 
irious boron-rich products. As atomic energy projects. 
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charts and tables it will serve as a useful and permanent addition 
to the reference files of those concerned with atomic energy and 


They are all described in the new 
Norton handbook. For your free copy, 
write to Norton Company, Refractories 
Division 657 New Bond St., Worcester 


6, Massachusetts. 


NORTON 


REFRACTORIES 


Engineered... R. .. Prescribed 


Qlaking better products... 
to make your products better 


*Trade-Morks Reg. U.S. Pat. Of. and Foreign Countries 
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atically 


Now .. . you can use in yc ur laboratory the 
same precise technique that tests the purity of 
isotope labeled compounds in Tracerlab's own 
radiochemical operations. With it, you can 
scan a chromatograph strip . . . then, lay it 
beside the resulting recording trace for direct 
identification of each location of radioactivity. 











This new Tracerlab SC-55 Chromatogram 
System has five components: 


New SC-55 Chromatogram Scanner with 
variable collimator slit adjustable by ex- 
ternal screw from 0.00” to 0.25” for 
securing desired degree of definition 

SC-59 Shielded Manual Sample Changer 
The Outstanding New TGC-14 Carbon 
Counter, or any other Tracerlab end-win- 


P fof ~ dow Geiger, scintillation or proportional 
| p detector 
Tracer a. . SC-34A Precision Ratemeter or SU-3C 
Laboratory Monitor 


1601 Trapelo Road, Waltham 54, Mass Ho t T hni al Labo t i E ter- 
2030 Wright Avenue, Richmond 3, California ; — —— 








line Angus Recorder. 





For full information on how the new Tracerlab 
SC-55 Automatic Chromatogram Scanning 
System increases accuracy of radioassays, 
write for Tracerlog No. 84. 


¢ in principal cities throughout the world. 
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Complete, modern facilities plus extensive experience are 

at your disposal in rolling Zirconium and its alloys in 

strip or plate form, to maximums of 4” thick and 1714” S 4 S | 
wide. Write for a consultation on your particular re- uperior tee 
quirements. CORPORATION 







CARNEGIE PENNS YLVAWNIA 


To engineers who want to straighten 


out the curves in their careers... 


DOUGLAS TEAMWORK 
HELPS TO RELIEVE 
ENGINEERS OF 
BURDENSOME 


PROJECT DETAILS! 


There are no “dead end” jobs at Douglas. As part of a crack engineering 

team, you'll be encouraged to use your full talents. Important 

assignments will give you the opportunity for greater accomplishments 

and the kind of future you want for you and your family. 

Wherever you choose to locate — in California or across the nation #4 


Douglas offers many career opportunities including... , 
er ws AUVs 
DOF Witg TR 


ft 


TOP ASSIGNMENTS FOR STRESS ANALYSTS! J, oA 
Aeronautical, Civil and Mechanical Engineers ox DOUGLAS <™\ 
work on structural strength assignments from design / I~ dis» 
stages through static, dynamic and wind tunnel testing. 4 4» 


’ ; ‘tant paraear . iae i , “fia ry .* 
For important career opportunities in your field, write: FIRST 16 AVIATION 


c.c.LlaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX L-620 
SANTA MONICA, CALIFORNIA 





August, 1957 - NUCLEONICS 





rN aTo}ial-) am —) ice) amel-leol ¢-lela 
FIRST 

in 
NUCLEAR 
PUNPS... 





Vol. 15, No. 8 - August, 1957 


Bu Liquid Sodium Pump 


WORLD’S LARGEST LIQUID SODIUM PUMP 
FEATURES MANY DESIGN “FIRSTS” 


This new Byron Jackson pump will be used as a primary cooling pump for 
one of the nation’s first full-scale commercial power plants using nuclear fuel 

The pump is approximately 32 feet high with a 6 foot diameter, Rated at 
1000 hp, it will pump liquid sodium at a temperature of 1000° F. and deliver 
11,800 gpm against a total dynamic head of 310 feet 

Of special interest are Byron Jackson's engineering accomplishments in 
designing the pump and installation for “packaged” removal. Basically the 
pump is divided into two sections —(a) suction tank incorporating suction and 
discharge nozzles which will be permanently welded into the system, and (b) the 
complete motor and pump assembly which can be pulled as a unit for routine 
maintenance and inspection with maximum ease, speed and safety. The 
“packaged” design even provides for shielding (normally separate from the 
pump assembly) to be integrated within the pump motor support assembly 

This record-making liquid sodium pump with its special design features 
marks another step in Byron Jackson's continuing leadership in the liquid 
metal pumping field 


‘iNCOoRPORAT E O 


A SUBSIDIARY OF BORG-WARNER CORPORATION 


P.O. Box 2017A, Terminal Annex « Los Angeles 54, California 





Mechanical Systems 
and Components 


for 
Nuclear Reactors 


United 


has integrated facilities for 

Research - Design 

Prototype - Test: 
Manufacture 


United can provide assistance 
on your reactor programs 


United’s Atomic Power Depart- 
ment is ready to aid you with the 
design and development of control 
rod drive mechanisms, fuel han- 
dling systems, and special remote 
handling devices for nuclear re- 
actors. 

For over 50 years United has 
pioneered in the design, develop- 
ment, and manufacture of highly 
specialized yet diversified machines 
and equipment. For the past 6 
years, Atomic Power Department 
personnel have been engaged in 
projects in the nuclear field, thus 
obtaining additional valuable ex- 
perience and know-how that will 
contribute to the solution of your 
problems. 

Preparing to test a submarine reactor Control Rod Drive Mechanism at UNITED'S TEST FACILITY 


' = 
For further information, contact: @) raste d 


SHOE MACHINERY CORPORATION 


Atomic Power Department 
Baich St., Beverly, Mass. 
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What's the difference in vulcanization? 


The vulcanization process employing the gamma ray can—and probably will—make 
a revolutionary difference in future applications of rubber. 

Irradiation may create valuable new markets for rubber, making it useful where 
more expensive or less durable products are used today. 

Our gamma radiation interests are as diverse as the synthesis of chemicals, the 
polymerization of synthetic resins and the irradiation of foods. 

Nuclear Systems has the equipment to carry your experiments to completion. We 
can provide a complete radiation package—equipment, instrumentation, training, 


facility design, and sources of cobalt up to 50,000 curies. 
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...1N production now! 


High-Purity Sponge Available tor Prompt Delivery 
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WAH CHANG 
CORPORATION 


WOOLWORTH BUILDING, NEW YORK 


More WCC Metais are on the way look tor them 
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METR 


A new MATERIALS and 
ENGINEERING TEST 
REACTOR by NDA 


NDA has now completed preliminary design of a Materials and Engineering 
Test Reactor for construction at Mol as Belgian Reactor II. Joined by senior Belgian 
personnel from CEAN, NDA is now carrying out detailed design. 
NDA believes METR reactors will be of interest to nuclear engineers and scientists 
throughout the world. Consider these characteristics: 


© Thermal power level: SO MW ¢ Individual access to each fuel element 


¢ Available core neutron flux during ex and each experimental hole 
periments © Forty 3% inch holes in core matrix 
2 x 10'* n/cm?/sec (including 10 “through-holes”) 


Thermal .. . @x 10°** n/cm?/sec * Seven radial beam holes up to 12” in 
Max. Thermal 9 x 10°** n/cm?/sec diameter 


© Single fluid—light water cooling © Four tangential! beam holes up to 12” 


Consider also the flexibility of METR “ woe | voi 
© Five 8% inch “through-holes” in core * Reactor pool space for irradiation o 
section large equipment 


© Central irradiation tubes in each fuel © Core mock-up facility 
element — ¢ Gamma irradiation facility 
With its high available neutron flux, flexibility and unique ease of access 
to experiments, METR is unsurpassed as a test reactor. 


Opportunities exist at NDA for qualified scientists and engineers 
interested in reactors of advanced design for research, power and propulsion 
For information write or call 


N D) A NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 
5 NEW STREET, WHITE PLAINS, N. Y. - TEL. WH 8-5800 
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Congress, AEC Hassle 
Over Civilian Program; 
Calder Type Sought 


The nation’s civilian reactor de- 
velopment program appeared to be 
up for grabs last month. AEC and 
Congress’ Joint Committee on 
Atomic Energy were locked in a 
spirited tug-of-war over the civilian 
reactor development program, with 
a battle royal on the floors of both 
chambers forecast when JCAE’s at- 
tempt at compromise comes up; the 
outcome was anyone’s guess. Be- 
hind it all hovered the civil rights 
debate in the Senate with its poten- 
tial for filibuster still undissipated, 
and thus carrying the threat of no 
action being taken on next year’s 
atomic development budget author- 
ization—or, just as bad, a slapdash 
authorization bill being rammed 
through in a last-minute scramble 
for adjournment. 

[After this was written, JCAE 
voted out an authorization bill, com- 
ment on which appears at right.] 

The tug-of-war developed as AEC 
and JCAE were busy trying to ham- 
mer out a new relationship following 
passage of the Durham amendment 
in June (NU, July ‘57, 19), under 
the terms of which JCAE and the 
full Congress must authorize each 
individual project appropriation in 
stead of authorizing ae a blanket 
budget outlay. Neither AEC nor 
JCAE wanted this change—it was 
forced on both by the threat of 
crusty Clarence Cannon, Demo- 
cratic but independent-minded chair 
man of the House Appropriations 
Committee, to block all atomic ap- 
propriations not authorized item 
by item. But since the change 
had come, both AEC and JCAE 
were maneuvering, understandably 
enough, for the solidest footing, the 
strongest possible position. And the 
Democratic majority in JCAE still 
is ever since the Gore bill debate 
wanted to force AEC to undertake 
construction of civilian power reac 
tors; Administration forces were 
ready to resist to the bitter end 


Lines are Drawn 

For bystanders, the confusion be- 
gan Tuesday afternoon, July 9, when 
AEC chairman Strauss and his top 
aides appeared before JCAE in 
closed session to discuss the future 
of the civilian reactor program. By 
ill accounts, the meeting was a 


Vol. 15, No. 8 - August, 1957 


of Key Developments in Atomic Energy 


An Editorial 
“Atoms for Peace” in Jeopardy 


On July 30, the Joint Congressional Committee on Atomic Energy 
took action that may prove to be the turning point in the world race 
for preeminence in civilian nuclear power -a turning point against the 
best interests of the United States. For on that date the committee 
effectively announced to the world that, although up until that time 
the U. S. had the most advanced program for the development of 
enriched-uranium power reactors, and although the U, 8S. had been 
promoting the advantages of such systems to its foreign friends, now 
the Congress felt that the British natural uranium system was better 


and that consequently there was no need to be so liberal in dispensing 
U5, 


The JCAE made these points via two actions: one to hamstring the 
President on making U** available to the International Atomic Energy 
Agency by requiring Congressional approval of such allocations, and 
the other by forcing the Atomic Energy Commission to build a 40-Mw 
Calder Hall-type reactor. 


Regardless of the merits of the arguments on enriched vs natural 
uranium, the fact remains that AEC and American industry have 
built up an unsurpassed competence in enriched-reactor technology. 
At the moment, to be brutally realistic--and right or wrong this is 
all we have to sell to other nations. And we have been selling it 


successfully! 


But to back up the sales efforts, it has been necessary to assure our 
foreign customers of a continuity of supply of U*, whether through 
their bilaterals with the U. 8S. or through the International Agency, 
fed largely by the U. 8S. Now, possibly in actuality, but certainly 
psychologically, that assurance has been wiped out by the JCA 
action. 


If that were not enough, the Committee has passed judgement on a 
technical matter, namely that the Calder-type plant that so suits 
British needs should be pushed hard by the U. 8. in the face of recom- 
mendations by our top reactor specialists that other types of natural 
uranium systems would pay more handsome dividends outside the 
British Isles. 


Here, too, we're shouting to the nations of the world, many of which 
are still debating the merits of the U. 8. and the U. K. systems, that 
the British were right and that all should “*buy British’’-! 


In addition to these actions directly hitting at the U. 5S. ‘atoms for 
peace”’ effort, JCAE may well have stabbed in the back AEC’s entire 
power demonstration program, which calls for joint participation by 
AEC and industry. It did this by voting to rescind the promise AEC 
made to the Power Reactor Development Co, to support it to the tune 
of $4-5-million. The danger here is that the entire demonstration 
effort to build large plants on a cooperative basis is jeopardized because 
companies will no longer enter into agreements with AEC if they find 
that Congress may lightly set aside an agreement made in good faith. 


The future of the U. 8. reactor program is at stake in the action 
that Congress takes on the recommendations of the JCAE. Those 
who have a firm belief in the essence of the course we have been 
following thus far can only hope that Congress will rebuff these 
recommendations.--JDL 
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stormy one; less clear was what had 
transpired. A Democratic member 
said Strauss had reluctantly agreed 
to AEC taking over the program for 
construction and operation of four 
small and one medium-sized nuclear 
power projects planned by rural co 
operatives (Chugach, Elk River, 
Piqua, Wolverine and Consumers of 
Nebraska). Strauss issued a state- 
ment denying he had agreed to the 
change, yl “my apposition to 
Government construction and opera- 
tion of large atomic reactors for the 
generation of electric energy is un 
changed.” Whether “large” was the 
key word there it is impossible to 
say, but there seemed to be reason 
for surmising that the change was in 
fact being forced upon him willy 

nilly. Chairman Carl T. Durham 
(D-N. C.) of JCAE seemed de 
termined to find a compromise area 
acceptable to both a Also at 
issue were a number of other reac 

tors that JCAE has been urging AE( 

to build, including a gas-cooled of 
the Calder Hall type (distinct from 
the high-temperature, closed-cycle 
Gas Cooled Reactor Experiment 


that Aerojet-General Nucleonics will 
build for AEC at the Idaho testing 
station (NU, Nov. '56, R6), and a 
plutonium recycle system, on which 


General Electric is doing ‘eran 
work for AEC at Hanfor« 


JCAE Drafts a Formula 

Then on July 93, \< ‘AE’s subcom 
mittee on authorizing legislation ap 
proved a new version of the HR 
5889, the authorization bill, and on 
July 30 this was voted out by the 
full committee. The latest version 
provided; 
¢That “arrangement for projects 
sponsored by cooperatives and pub- 
licly-owned agencies shall be carried 
on by direct contract between the 
Commission and the equipment 
manufacturer or engineering organ- 
ization with respect to the develop- 
ment, design and construction of the 
reactor celcsiened facilities; and by 
direct contract between the Commis- 
sion and the cooperative or publicly- 
owned organization with respect to 
the provision of site and conven- 
prea turbogenerating facilities, op- 
eration of the entire plant including 
training of personnel, the sale by 
the Commission of steam from the 
reactor complex to the cooperative 
or publicly-owned organization, and 
other relevant matters.” This is the 
AEC-Duquesne Light Co. formula 
for Shippingport, where AEC con- 
tracts ¢ Seely with a manufacturer 
for construction and with a utility 
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Red A-Ship 


The Russian nu- 
clear - propelled 
ice - breaker 
‘Lenin’ shown on 
the stocks at a 
shipyard in Lenin- 
grad. 16,000- 
ton vessel will 
have turbo-elec- 
tric drive; 44,- 
000-hp _ electric 
motors will give 
her 18-knot 
speed (NU, June 
‘56, 18B; Aug., 
R3; Feb. ‘57, 
R11) 


for operation; it substitutes for what 
had until now been the Power Dem 
onstration Reactor Program formula 
where AEC’s prime contract is with 
a utility, and the utility subcontracts 
with a manufacturer for construction. 
This has been the crux of the argu- 
ment between AEC and JCAE: it 
has not been a question of which 
way is the cost to the Government 
less, for in either case AEC would 
bear the brunt of the expense, but 
rather one of how much does the 
small cooperative utility have to 
contribute to the program—should 
it be made the prime contractor? 
The bill further provides that “sale 
of steam by the Commission under 
contract with the cooperative or 
publicly-owned organization shall be 
at rates based upon the present cost 
of, or the projected cost of, com- 
parable steam from a plant using 
conventional fuels at such locations.” 
* AEC “shall proceed with the de- 
sign, engineering and construction 
under contract as soon as practica- 
ble” of two prototype power reac- 
tors: a natural-uranium, graphite- 
moderated, gas-cooled power reac- 
tor prototype for about 40 Mw, to 
be built at the Idaho testing station 
for $40-million; and a plutonium 
recycle experimental reactor of 15 
Mw to be built at Hanford for $15 
million. The electricity from these 


plants is to be used by AEC at the 
installations named. In _ addition, 
there is authorized expenditure of 
$3-million for preliminary work on a 
dual-purpose reactor primarily for 
production of weapons plutonium. 
* $1.5-million is authorized “for ad- 
ditional general research and devel- 
opment to advance the technology 
of the fast breeder reactor concept” 

a Congressional slap at the Power 
Reactor Development Co.’s Fermi 
fast breeder project at Lagoona 
Beach near Detroit, for which AEC 
had asked $4.2-million research and 
development aid. 


JCAE Brief for Gas 

As for |TCAE’s espousal of the 
Calder Hall type, there were those 
observers who feared that this might 
be interpreted abroad as a U. S. 
admission that the British have been 
right all along. JCAE’s feeling is 
that the gas-cooled graphite-mod- 
erated reactor represents an obvious 
gap in our program; that we very 
properly have a broad program, and 
should continue to cover all good 
bets—that we cannot afford not to 
try out and learn about a type that 
has been so successful in Britain; 
that our own two most successful 
reactor designers, Walter H. Zinn 
and Rear Adm. H. G. Rickover, both 
recommended building one 
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Other Authorizations 


Authorized items also include: 
*$5-million for a fuel element 
manufacturing plant where a cost 
saving from 25 to 50 ¢/Ib of finished 
slugs is anticipated by using extru- 
sion as against production by the 
present method of rolling. 

* $9-million for test installations re- 
quired for study of nuclear power 
application to missile propulsion. 

* $10-million for a fuels technology 
center at Argonne (NU, May °57, 
22). 

* $3-million for a high-temperature 
test installation at Bettis for per- 
formance of core experiment. 

* Deleted was $0-million for a power 
reactor for the Puerto Rico Water 
Resources Authority (NU, May °57, 


> 


? 


Hearing Comments 


At hearings earlier before JCAE 
on the projects up for authorization, 
the following significant comments 
were made: 

On budget cuts—Kenneth E. 
Fields, AEC general manager: AEC 
had removed from its budget two 
contingency items for an aqueous 
homogeneous and a natural-uranium 
heavy-water power reactor “if in- 
dustry did not pick up” these two 
types in the third-round of the 
Power Demonstration Reactor Pro- 
gram. The former was to have 
been a 100-150-Mw, $50-million 
converter using highly-enriched 
uranyl sulfate; the latter was to have 
been of the same output and cost. 
Other items dropped—these elimi- 
nated by the Bureau of the Budget 

included $17.5-million for a fuel 
element test reactor, $2-million for a 
critical mass laboratory, and $5.5- 
million for an irradiation test reactor 
at Argonne. 

On fusion power—Fields and 
T. H. Johnson, AEC director of re- 
search: Funds asked for Project 
Sherwood were increased from $5- 
million to $7.75-million, as conse- 
quence of “a considerable amount of 
progress in reaching higher tempera- 
tures” and “better understanding of 
some of the instabilities . . . both 
from having been proven experi- 
mentally and from better under- 
standing of theory.” Of the higher 
figure, $5.6-million is for buildings 
to house the Model C Stellarator at 
Princeton (NU, May ‘'57, 108), 
which will cost $17.5-million for a 
“huge generator, power condensers, 
electronic gear, vacuum equipment.” 
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Nuclear merchant ship progress reported 


Shipbuilders and ship operators 250 strong got the word on 
nuclear merchant ship progress at a symposium held by the joint 
AEC-Maritime Administration development group. They heard 
the first detailed description of the first nuclear merchant ship, for 
which a shipyard is to be chosen this fall; keel-laying is due in 
spring and launching a year later. The Babcock & Wilcox pres- 
surized water reactor will be shielded by 33 in, water in an annular 
tank and 3 in. lead, and with the two primary loops will be 
enclosed in a 50-ft long, 35-ft dia containment vessel amidships. 
Fuel will be low-enrichment oxide rods. The 588-ft vessel will 
have 30 cabins for about 100 passengers. Also presented at the 
symposium were interim reports on study projects for advanced 
liquid and gas-cooled reactor systems. Esso President Gamble 
said Esso Shipping Co. “would like to be the first to own and 
operate an atomic tanker.” 


131,560 pounds of U-235 


The U. S. government, in its third annual determination of the 
state of the national U*** stockpile, has freed an additional 59,800 
kg (131,560 Ib) for peaceful uses—30,000 kg for domestic needs, 
29,800 kg for sale or lease abroad to individual nations or groups 
of nations. In addition to 40,000 kg made available last year (NU, 
March ‘56, 17; April 56, 19) and 200 earlier, the new allocation 
brings the total to an even 100,000 kg—220,000 Ib, valued at $1.7- 
billion at current prices. This is estimated to be sufficient to yield 
(over a period of years) 3,000 Mw electricity—-less than the U. S. 
projection of nuclear capacity over the next five years, but only one- 
fifth of Euratom’s 1967 goal. AEC chairman Lewis L. Strauss said 
existing allocations under licenses to domestic reactor builders now 
approximate 17,000 kg—close to the 20,000 kg limit before the new 
determination raised it to 50,000. Foreign countries’ plans to use 
U. S. enriched uranium under power bilaterals “indicate that their 
needs also will exceed the 20,000 kg of U*** previously made avail- 
able,” Strauss added; total available for export now is 50,000 kg. 


Westinghouse licenses Belgian, Italian firms 


Westinghouse has completed technical assistance agreements 
covering production of complete nuclear reactors and related 
apparatus with two major European industrial firms—Ateliers de 
Constructions Electriques de Charleroi, Belgium's biggest electrical 
manufacturer, and Italy's vast Fiat works. By coincidence, the 
first and second license agreements were concluded in the same 
countries that were first and second to purchase Westinghouse 
power reactors. ACEC and Fiat will be able to manufacture 
pressurized water, aqueous homogeneous and other non-military 
reactors developed by Westinghouse using the latter's technical 
know-how. ACEC hopes to become a supplier to Euratom; the 
first Euratom order is scheduled to be placed late next year, Pro- 
visions exist in the contract for other companies in Belgium's 
Société Générale group such as Cockerill-Ougrée and the Société 
Métallurgique de Hoboken to come in under the agreement. On 
the other hand, Fiat, although a member with Montecatini of the 
Sorin group, is acting alone. Fiat is also interested in building a 
materials testing reactor of the WTR type. Westinghouse is also 
negotiating a license agreement with Mitsubishi in Japan (NU, 
April '57, 17; Aug., 27) and a firm in West Germany. 
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Plutonium Price Impact 
Studied by Industry 


The impact of AEC’s new plu- 
tonium prices (NU, June °57, 17) 
is still giving nuclear economists 
sleepless nights. 

Up to last November, the only 
clue to the value of plutonium lay 
in a classified price scale, now 
known to have ranged from $12 to 
over $45/gm depending on char- 
acteristics of the metal. In Novem 
ber AEC announced a “guaranteed 
fair price” of $12/gm for Pu buy- 
back for the one-year period from 
mid-1962 to mid-1963 (NU, Dee. 
"56, Rl). Two months ago AEC 
abruptly announced a new scale of 
— superseding the one in effect: 
rom Feb. 1, 1957 to June 30, 1962, 
Pu was to be pegged at from $30 to 
$45/gm depending on Pu™ content, 
according to the table below; for 
the year following, the price was 
raised from $12 to a flat $30/gm. 





% Pu’ Price, $/gm Pu 
0.0 45.00 
2.0 41.50 
4.0 38.00 
6.0 34.50 
8.0 31.00 
8.6 and over 30.00 





Reason for the variation in the pre- 
"62 price is that Pu’ content is 
undesirable in plutonium intended 
for weapons use. The Pu is to be 
delivered to AEC’s Rocky Flats 
plant outside Denver in the form 
of buttons from 200 to 2,000 gm 
each and 99.5% pure. 

The action focused attention on 
the double standard existing in the 
plutonium market—a $45 premium 
— for weapons-use Pu, and a 
ower value established at $12/gm 
now raised to $30 for one year 
1962-63. Also, uncertainty was 
engendered by AEC’s policy state- 
ment accompanying the new prices: 
“It is emphasized that, while the 
Commission intends to extend the 
guarantee period for plutonium 
prices each year for one additional 
year, the prices which will be estab 
lished for subsequent years may be 
different from those previously in 
effect. In particular, it is the ex 
pectation of the Commission that 
the prices for plutonium will be re- 
duced, as dictated by consideration 
of the value of the material for its 
intended use by the U. S. and 
giving such weight to the actual 
cost of producing the material as 
the Commission finds te be equi 
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table, to a level based upon the fuel 
value of plutonium in commercial 
power reactor facilities.” The last 
clause is being interpreted as mean 
ing that AEC’s intention is to bring 
the fuel price ultimately back down 
to $12/gm. 

It was the interplay of these two 
factors—the double market and the 
hint of eventual lower fuel prices 
that made it so difficult to gage 
the impact of the move on industry. 
As one of the keenest observers, 
Walter H. Zinn, put it before 
Congress: 

“When AEC announced its in- 
crease in price from $12 to $30, 
I'm afraid what it did was to con- 
fuse everyone in the civilian power 
field, because it was realized right 
away that very few reactors would 
produce nail plutonium _ before 
1963, and we know that period was 
limited by the seven years [maxi- 
mum that AEC may guarantee 
prices, under the 1954 Act]. 

“So the supposition is that the 
high price—the $30—will extend for 
some time beyond 1963. If that is 
true, those people who are planning 
thorium reactors are taking a terrific 
disadvantage. They are losing con 
siderable money by not having 
uranium in their reactors and selling 
plutonium to the Government. So 
it has confused the issue rather con 
siderably, and it would be very 
helpful if one had any idea that this 
$30 price would go on for some 
vears after 1963. If it did, I would 
hazard a guess that those people 
who are planning to use enriched 
uranium and thorium would really 
find themselves switching to ura 
nium, because it makes a big money 
difference to them. 

“As far as I can figure out, the 
enriched uranium-—thorium fuel cycle 
is just as good, every bit, as the 
slightly enriched uranium cycle, at 
the $12 price for plutonium and the 
$15 price for U™. But when you 
jack the price of plutonium up to 
$30, then there is not really a com- 
parison any more. And right now, 
you just do not know what to do, 
because there will not be very much 
plutonium produced in the civilian 
program by 1963. . . 

“It is a matter of guessing, now. 
People say, ‘Should we guess that 
»lutonium prices stay up for another 
at or five years?” Well, I do not 
know how to advise them.” 


Effect on Operators 


The only thing certain was that 
so far as they went, up to mid-1963 
the new prices would have dif- 


ferent effects on different com- 
panies. For Yankee Atomic Elec- 
tric, it was a windfall; for Power 
Reactor Demonstration Co., the De- 
troit fast breeder group, it was a 
catastrophe. Yankee’s Pu produc 
tion starting in 1961 will be a bonus, 
while PRDC’s contract with Detroit 
Edison provides for only one-third 
to one-half of total reactor cost to 
be met from sale of steam—the rest 
was to have come from AEC buy 
back of Pu. 

Observers sympathetic with 
PRDC’s plight contend that even at 
$45/gm for Detroit Pu, AEC would 
be getting a bargain—since a fast 
reactor makes higher-grade Pu (in 
terms of low Pu*® content) than a 
thermal unit, and since $45/gm is 
believed to be the Commission's 
own average (not marginal) cost for 
Pu from its thermal production re- 
actors at Hanford and Savannah 
River. They suggest also that per- 
haps there should be not two but 
three prices for Pu, to reflect exist 
ing conditions realistically: a pre 
mium weapons price, a fuel price, 
and an intermediate experimental 
price for a limited amount of Pu 
used in its development as a fuel. 
Also criticized was the fact that not 
even on a classified basis could in 
dustry learn how the prices were 
arrived at, let alone be consulted 
during the rate-making process. 

iedeteey voices taking a contrary 
viewpoint said it is very well for 
— industry to advance the art, 
yut that it is a misjudgment to take 
a policy position in the power busi 
ness that half one’s income comes 
from sale of Pu--that if one goes in 
on the basis Pu is worth x, and it 
turns out to be worth ‘4x, that’s the 
risk one takes. 

Most industry people consulted 
were agreed that it is pity to mix 
up reactor development with a pre- 
mium price for weapons-grade Pu, 
but that the present situation would 
undoubtedly influence reactor de- 
sign. It was generally felt that it 
would have been better to separate 
reactor development and plutonium 
procurement completely by putting 
a flat termination date on the $30 
orice, and establishing a long-term 
Fel price of a flat $12, if that is 
what the real fuel value is. The 
British, it can be computed from an 
analysis of their published data, 
value Pu at $14/gm 

AEC is now between devil and 
deep blue sea: it fears giving a clue 
to post-’63 plans lest it be construed 
as an illegal guarantee, so cannot 
end industry’s perplexity. 


August, 1957 - NUCLEONICS 





Davis Sees Soviets’ 


Power Program Slowing 

Agreeing with a NUCLEONICs esti- 
mate (NU, July "57, 20), AEC 
reactor development director W. 
Kenneth Davis told the Midwest 
Council of State Governments that 
AEC had recently “received con- 
firmation that our doubts of a year 
ago were quite justified [doubts that 
the Russians’ 2—2.5-million kw nu 
clear power goal by 1960 would be 
accomplished}. This is in an official 
USSR reply to a U. N. questionnaire 
and in a series of papers presented 
at the Belgrade meeting of the 
World Power Conference. While it 
would be a mistake to discount the 
ability of the Russians too far, it is 
clearly apparent from the informa- 
tion now available that the USSR 
program is actually of about the 
magnitude and character which 
would seem to be reasonable as 
compared with the highly exag- 
gerated claims that were made last 
vear. One interesting feature of 
the USSR program is that it looks 
more and more like the U. S. pro- 
gram. It now appears that the 
Russians are lagging in technology 
and may hope to obtain guidance 
through U. S. advances which, of 
course, are available throughout the 
world 

“The proposed Russian pressur- 
ized water reactor is very interest- 
ing. Its design is remarkably similar 
to that of our Shippingport PWR in 
every respect The Russians are, 
however, planning for a turbogen- 
erator capacity of 210 electrical Mw 
per reactors as compared with 100 
Mw for our reactor. This is being 
done with three 70,000 kw turbo- 
generators, however, which may in- 
dicate the Russians only plan to in- 
stall all three if the reactor can, in 
fact, be operated at that high a 
power! level. . 

“There seems to be good reason 
to believe that these changes arose 
because in 1956 the Russians had 
not gotten far enough into their pro- 
gram to even realize what the diffi- 
culties in development and manu- 
facture really would be. In other 
words they were naive about their 
proposed program. It seems likely 
that during the past year the Rus- 
sians have come face to face with 
the real difficulties of their an- 
nounced program and have had to 
.. Their 
program can be much more inde 
pendent of honest economics than 
our own-—and that these have still 
been their decisions.” 


revise its size downward 


Vol. 15, No. 8 - August, 1957 


Declassification Here in Act, Slow Coming in Fact 


Declassification of the civilian re- 
actor program is largely completed, 
but still far from it in practice. 
This appears to be the situation 
today, as assayed by an informal 
NUCLEONICS spot-check survey. 

By the terms of a new tripartite 
(U. S., U. K., Canada) declassifica- 
tion guide concluded at the end of 
last year (NU, Jan. °57, R2), a re- 
view of 18,677 classified papers was 
carried out by an AEC Committee 
of Senior Reviewers; 9,076 or 48.6% 
were declassified. Of the remain- 
der, 5,294 were left in the “confi- 
dential,” or gray area, and 4,307 
were guarded as “secret.” AEC 
pte that with this action, vir- 
tually all civilian reactor technology 

all, in fact, that did not have a 
bearing on military or production 
reactors—was declassified and freed 
for public use without trammels. 
Some demurrals by industry people 
led NuCLEONICS to make a check. 

Of the prominent reactor design- 
ers consulted, all but one said that 
everything is not declassified. One 
cited unavailability of depleted ura- 
nium price figures, which pa 
figuring all the way around a fuel 
cost cycle. Others said some of the 
Shippingport PWR papers were still 
unavailable; that basic work done 
some time ago on metal-water reac- 
tions is still confidential; that the 
properties of uranium dioxide are 
still mostly classified; that “little of 
really useful data from the subma 
rine program gets declassified”; that 
economic information is still sticky 
to get. Said one: “It’s far from all 
out in the open—that I can make as 
a positive statement. About 10% of 
the pressurized water technology 
papers of interest to us are still clas- 
sified, or else our library has re- 
ceived no notice that they have 
been declassified.” 

That last remark appears to hold 
the key to the situation 


AEC's Answer 

For when confronted with these 
industry plaints, AEC’s director of 
classification, Charles L. Marshall, 
declared flatly that all Shippingport 
data has been completely declassi- 
fied, barring nothing; that 47 other 
AEC reactor and critical experi- 
ments and 38 private reactor proj 
ects are likewise completely declas 
sified; that uranium dioxide technol 
ogy has been declassified; but that 
the culprit in the situation is the 
time lag in making required dele 
tions, printing and distributing. 


As of the beginning of July, he 
said, “more than 3,000” of the 
newly-declassified documents have 
been made available on public 
sale or through AEC’s Technical In 
formation Service. This of course 
is only one-third of the number of 
— declassified in June. It is 
noped to get “substantially all use- 
ful documents” of the remaining 
6,000 out by mid-September. 


“So people may be asking for 
documents and getting the wrong 
answers,” says Marshall, “just be- 
cause of the time involved.” A 
classified document in a company li- 
brary safe may have been ye er 
fied by act of AEC, but unless the 
company librarian has received the 
notice of  declassification, and 
stam the document “declassi- 
fied,” company engineers will still 
be balked in getting the paper. It 
would appear, therefore, that the 
monumental mechanical job of im- 
plementing declassification remains 
the major obstacle, rather than a 
narrow secrecy policy. But it will 
not be until this mechanical job has 
been completed, and the papers’ 
contents diffused among private re 
actor designers, that it will be pos- 
sible to determine whether civilian 
reactor technology has really been 
completely declassified or whether 
there still remain blank areas 


Presumably, by the time of the 
1958 Geneva atomic energy confer 
ence, any classification that’s in ef 
fect will be trade secrecy rather 
than military secrecy, the reverse of 
the situation at Geneva in 1955 


AEC Licensing News 


Notice of proposed issuance of 
operating license; General Dynam 
ics, for an experimental nuclear fa 
cility and a series of initial uranium 
foil experiments, at San Diego 
7/25/5 

Notice of proposed issuance of 
construction permit: Atomics Inter 
national, to build a 5-watt enriched 
uranyl sulphate solution research re 
actor, at Canoga Park, Calif 
7/17/57 

Applications received: General 
Electric, to build a 3-kw, light 
water moderated test reactor at Val 
lecitos, Calif., 7/1/57 

AMF Atomics, to export a 1-Mw 
pool-type research reactor, to Soci 
eta Ricerche Impianti Nucleari 
(SORIN), Milano, Italy, 7/3/57 
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24-Million Kw Installed in Naval Ships by 1963—Rickover; 
He May Develop Gas-Cooled Unit; Sees Industry Willing 


“Projecting the present rate of 
nuclear shipbuilding, we would 
have by 1963 about 1%-million kw 
of power in operation and an addi- 
tional million i in ships under con- 
struction,” Rear Adm. H. G. Rick- 
over, chief of AEC’s naval reactors 
branch, told the Joint Committee on 
Atomic Energy in a closed meeting, 
transcript of which was published 
last month. 

The record also disclosed that two 
prominent JCAE members—research 
and development subcommittee 
chairman Rep. Melvin Price (D-IIl.) 
and military applications subcom- 
mittee chairman Sen. Henry Jack- 
son (D-Wash.)—recommended that 
AEC “consider immediate assign- 
ment to the naval reactors branch 
of the development and construction 
of a new civilian reactor concept. 
With the prospective completion of 
the pressurized water reactor at 
Shippingport, additional time and 
attention could be given to a new 
reactor type. We specifically call 
attention to the desirability of as 
signin the development of an ad 
vanced-type gas cooled reactor, and 
point out that some years from now 
the knowledge acquired in the de- 
pecs em of a gas system may have 
application for ship propulsion.” 

tickover was asked during the 
meeting, “If you had the privilege 
of naming the type of reactor that 
you would like to go into, which 
would you select?” 

Ricxover: Gas cooled. 

Rep. Houirreip: Gas rather than 
the homogeneous? 

Rickover: Yes, sir. 

The Admiral also revealed that he 
expects to ask funds for a prototype 
destroyer reactor in fiscal 1959—in- 
dicating that work on this most dif 
ficult reactor size is apparently prog- 
ressing well (NU, July ‘57, 69). 
Rickover said the prototype would 
be installed in the West Milton 
ame that had been built for the 
ed prototype (NU, April °57, 

4). 


The Core Business 

Rickover discussed the procure- 
ment of naval reactor cores and 
other components and the develop- 
ment of a supplying industry: 

“The next important thing we had 
to do [after assuring zirconium sup 
ply] was to get more facilities for 

g reactor cores. Our practice 
right now is to have our laboratories 


develop and make the first core of 
a type, and thereafter to put it out 
on competitive bidding. 

“For example, take the core for 
the 578-class submarine [the four 
Skate-class subs]. About eight 
months ago we asked for competi- 
tive bids Pr five of these cores. We 
now have a number of companies 
that have equipped themselves at 
their own expense to manufacture 
cores on a competitive basis: West 
inghouse Electric Corp.;  Olin- 
Mathieson Co. at New Haven, 
Conn.; Metals & Controls Corp. at 
Attleboro, Mass.; Combustion Engi- 
neering Co, at Windsor, Conn.; and 
Babcock & Wilcox Co. at Lynch- 
burg, Va. Each company has put 
in at least $3-million of their own 
money, again with no certificate of 
necessity, for the necessary facilities. 
They have taken contracts for these 
cores on a competitive basis. On 
this basis we were able to order 
these cores for less cost. 

“We have just put out proposals 
for seven cores for another type of 
submarine. [This would be the 
SSW type.—Ed.| These will all 
follow the design of the first one, 
which is a developmental job, and 
which was designed and built at the 
Bettis Laboratory. All will be made 
in commercial facilities and com- 
petitively. We are getting industry 
to make as many other components 
as possible for our nuclear plants. 
So that even as we are going along 
with the design of different types of 
plants we are establishing the indus- 
try necessary to carry the produc 
tion along, 

“Insofar as components for nu- 
clear powerplants for these ships are 
concerned—I looked this up just the 
other day—we have placed orders 
for $29-million for nuclear parts 
competitively: this is about 86% of 
what we are buying now on com- 
petitive lump-sum bidding, and only 
14% is bought on cost-plus basis. 
This consists of items such as con- 
trols where the development is still 
in progress and sources of supply 
have not yet been developed. I am 
not talking about the steam ma- 
chinery; that is all bought competi 
tively... .” 

Houiwrietp: Do you have any 
trouble getting private companies to 
bid on these different components? 

Ricxover: Not on reactor cores 
We have difficulty with things like 
valves because they, as well as many 


other items, are very special. They 
have to be made leak-tight, and 
they require a great deal of engi- 
neering. As long as we have an 
economy where people can get lots 
of business by doing conventional 
stuff, not too many want to get into 
this special field. More companies 
would rather use their engineering 
staffs on conventional items because 
they can make more money that 
way. .But those who look to the 
future know that this is good busi- 
ness to learn the new techniques 
which are going to be necessary if 
they are to remain competitive to- 
morrow. It is these forward-look 
ing ones who are getting into our 
business. We have really had to 
fight with people to take our orders. 

Rep. Patrernson: Who pays for 
tooling on special valves? 

Ricxover: They do. We are 
trying to get this program into in- 
dustry as fast as possible—to buy it 
like a loaf of bread. 

Patrerson: You could not expect 
any manufacturer to put a special 
gear into a plant where he is going 
to make only 200 or 300 or prob- 
ably even two 

Ricxover: Yes, sir; I do. 

Patterson: You expect him to 
do that? 

Rickovenr: Yes, sir. 

Patrerson: And have them pay 
for the tooling? 

Ricxover: Yes, sir. Sure. Why 
not? 

Rep. Price: Are they doing it ex- 
tensively? 

Ricxover: Yes, they are. 

HouiF1eLp: Do they do it at a 
loss to themselves? 

Ricxover: Look, next year we 
are going to have about $50-million 
worth of reactor core business alone. 
It is like a fuel business. Once you 
get a ship in the water with a core 
you have got it there three or four 
years, then you have to take the core 
out and put a new one in. It is 
like the oil business 


Zirconium Supply 

As regards the supply of zir- 
conium for naval reactors and the 
Shippingport PWR, Rickover said 
the Government will be getting 
about two million pounds Zr a year 
from the four companies with which 
it has contracts (NU, May ’56, 21) 
Prices for each firm are as follows 
National Distillers, $4.53/lb; NRC 
Metals, $6.50; Carborundum Metals 
(Akron, Ohio), $11.42; Carborun 
dum Metals (Parkersburg, W. Va.) 
$7.72: Wah Chang (U. S.-owned 
facility, Albany, Ore.) , $9.07. 
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Second Geneva Conference Schedule, Sept. 1-13, 1958 


MONDAY TUESDAY WEDNESDAY THURSDAY 


Morning, Sept. 1 Morning, Sept. 2 Morning, Sept. 3 Morning, Sept. 4 


Possibility of 
development of 
controlled fu- 
sion reactors 


E-1. The use of nu G 
clear energy 
for purposes 
other than 
generation ol 
electricity 


A. Opening of con- Cc 
ference 


Experience 
with nuclear 
power plants 


Progress in 
the use of iso 
Lopes 


N.B. General or plenary sessions are designated by letters; technical ses 
sions are in four series, and are designated by two numbers of which 
the first is the series number and the second the session number 


Afternoon, Sept. 3 
F-1 


Afternoon, Sept. 1 Afternoon, Sept. 2 Afternoon, Sept. 4 


Reactor tech- 
nology 


Plans for con- 
struction of nu- 
clear power 
plants 


B. The future of D. 
nuclear power 


Operational! 1-1 
experience in 
health and | 


2 Problems in 
safety 


nuclear fusion 
F-2. Recent de 
velopments in 
fundamental 
physics 


Dosimetry 
and standards 
Raw mate- 
rials supplies 


1-1} 





FRIDAY 


Morning, Sept. 5 


Reactor tech- 
m logy 
Problems in 
nuclear fusion 


Technologi- 
cal applica- 
tion of high 
intensity ion- 
ising radia 
tion 


Raw mate- 
rials supplies 


Afternoon, Sept. 5 


1-: 


3 


Basic applica- 
tions of chem- 
istry in 

atomic energy 


Problems in 
nuclear fusion 


Technologi 
cal applica- 
tions of high 
intensity ra 
diation 


Raw mate- 
rials supplies 


SATURDAY 


Morning, Sept. 6 


Basic applica 
tions of chem- 
istry in 
atomic energy 
Physics of 
elementary 
particles 

New uses of 
isotopes in 
medicine 


Ore-dressing, 
extraction 

and refining 
of U and Th 


Afternoon, Sept, 6 


Properties of 
reactor mate 
rials 


Physics of fis 
son 

New uses of 
isotopes in 
medicine 


Ore-dressing, 
extraction 
and refining 
of uranium 
and thorium 





Morning, Sept. 11 


Morning, Sept. 6 Morning, Sept. 9 


1-8 


Morning, Sept. 10 


1-10 Treatment of 
radioactive 
wastes 

2-10 Fuel cycles & 
economics of 
nuclear powe! 

3-10 Biological ef 
fects of radi 
ation 


1-6 Processing of 
irradiated 


fuel elements 


Properties of 
reactor mate- 


rials 


1-12 Handling of 
highly active 
materials 

Reactor 

theory and 

calculations 


Nuclear data 2-12 Prototype 
power reac 


tors 


Use of iso- 
topes in biol 
ogy and phys 
iology 
Methods of 
separation of 


Use of iso- 
topes in agri 
culture 
Methods of 
separation of 
isotopes 


$-12 Experience in 
radiological 
protection 


1-10 Fabrication 
of fuel ele- 


ments 


1-12 Processing of 
other mate- 
rials useful in 
atomic energy 


1m ytopes 


Afternoon, Sept. 8 Afternoon, Sept. ? Afternoon, Sept. 10 Afternoon, Sept. 11 


1-9 Treatment of 
radioactive 


wastes 


Processing of 1-11 
irradiated 
fuel elements 


Reactor 


theory and 
calculations 


Properties of 
reactor mate- 
rials 


1-13 Iexperienee in 
radioactivity 
problems aris- 
ing from the 
operation of 
reactors and 
chemical 
plants 


Nuclear data Fuel cycles & 
economics of 


nuclear power 


Use of iso- 
topes in re- 
Radioactive 
and stable 

isotopes pro- 
duction and 
distribution 


search, con- 
trol and in- 

dustrial tech 
nology 


Biological ef 
fects of radi Pe 
ation 2-13 Use of re- 

search and 


_— yf 
Proce SHing « test reactors 


other mate- 
rials useful in 
atomic energy 


Met hods of 
separation of 
isotopes 


13 Experience in 
radiological 
protection 


Fuel element 
fabrication 


Use of research and test reactors 

Reactor safety and location 

Reactor experiments 

Oceanographic meteorological aspects of the large scale use of atomic energy 


Reactor experiments 
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Morning, Sept. 12 


) 


a) Develop- 


ment of in 
ternational! 
collabora 
tion in the 
fields of 
atomic 
energy in 
the last few 
years 


Afternoon, Sept. 12 


rhese 


(b) Supply and 


training of 
personne! 


sessions will 


Morning, Sept. 13 


1 


be 


Closing of con- 
ference 


dovetailed into 


closing days of conference in a manner 


depending on 


papers submitted 


number 


and nature 


of 





R O U Su oe 


Report from France: 





Marcoule’s ‘Steel Cathedrals’ Near Completion; 
Pu Extraction Plant to Operate at Year's End 


MARCOULE 

Construction work here on 
France's first plutonium-produ 
ing center, located 400 mi SE of 
Paris amidst sun-drenched rose 
wine vineyards, is progressing 
satisfactorily. This is the report 
of NucLEONICs’ Paris correspond 
ent who toured the center when 
it was first opened to the press 
last month. The center, operated 
by the French AEC, will consist 
when completed of three reactors 
fueled by natural uranium which 
together will produce some 100 
kg of Pu annually, in addition to 
feeding about 60 Mw net into the 
French power network 

The first pile, Gl, is already in 
operation, having gone critical in 
January, 1956. As previously re 
ported (NU, April 56, 22), G1 is 
fueled by 100 tons of natural U, 
moderated by graphite and cooled 
by atmospheric air 

Last fall the French had some 
difficulty with Gl, and it was 
shut down for two months. It 
seems the radial cooling fins on 
one magnesium can overheated 
and expanded, thus blocking the 
coolant air flow. The French 
terming the incident a 
one, admit they are not quite sure 
overheating 


“classic” 
what caused the 
The detection system on G1, they 
say, works quite well—that if it 
has any fault, it is one of “super 
delicacy.” It is understood the 
detection system on the two other 
reactors—G2 and G3 will be 
simpler in nature 


Stretchout on G2, G3 
Start-up dates for G2 and G3 


stretched out some 


have been 
what. 
critical in April, 1958, with G3 
following six months later. The 
$15-million-plus Pu — extraction 
plant at Marcoule, now in an ad 
vanced state of construction, will 
be in operation toward the end 


G2 is now expected to go 


24 


of this year, according to plans. 

G2 and G3, being built side-by- 
identical in all their 
however 


side, are 
characteristics. Each, 
will have its own control cente: 
and power plant. Steel housing 
rising nearly 200 ft is in place for 
both reactors, already dubbed 
the “steel cathedrals of France 
(Indeed 


their overall dimensions actually 


by French newspapers 


do just about equal those of the 
nave in the Cathedral of Notre 
Dame at Paris. ) 

Unlike Gl, G2 and G3 will be 
cooled by carbon dioxide at 15 
atm in a closed circuit. Each 
will be fueled by about 120 tons 
of natural U moderated by graph- 
ite. Active core of each reactor 
measures 27 ft 9 in. in length by 
24 ft 7 in. dia. The 
closes 1,200 graphite channels, 2.7 
in, dia spaced at intervals of 8 in 
Fuel is inserted in 1 in. dia slugs 
12 in. long, or about three times 
smaller than the slugs used in 
Gl. These natural U slugs are 
sheathed in magnesium alloy ap- 
thick with 


core en- 


proximately 0,06 in. 
radial cooling fins. 
Unlike Gl, the loading and dis 
charging of the 33,600 slugs in 
G2 and G3 will be achieved with 
out necessity of shutting down 
the reactor. The AEC 
has worked out a system of her- 


French 


metic pressurized removal which 
makes it possible to eject the en- 
riched slugs by pushing in new 
onés from the rear of the reactor 
Slugs ejected in this manner fall 
into sheet metal runways at a 45 
angle; gravity leads them out via 
evacuation tubes. These tubes 
on a 50° 
of a circle which has the effect 
of breaking the fall of the ejected 
slugs by centrifugal force. Evac- 
uation tubes leave the pressure 
vessel through 100-mm apertures 
and enter switch raceways joined 
in turn to helical toboggans 


incline, describe an arc 


which describe spirals of 6.5 ft 
dia and thus complete the brak- 
ing of the ejected slugs. The to- 
boggans, themselves enclosed in 
concrete shells 5 ft thick, end in 
lock chambers closed by two her- 
metic shut-off gates. The slugs 
finally come to rest in sealed tubes 
which are then transported by 
truck to the nearby Pu extraction 
factory. 

Work on the horizontal pres- 
sure vessel for G2 is nearing com- 
pletion. The AEC de- 
cided to combine the radiation 
shield and structural strength in 
a single enclosure of prestressed 
concrete 9 ft thick, 46 ft long and 
16 ft o.d. Instead of bulky armor 
plating, the concrete pressure ves- 
sel is being lined with steel plate 
having a thickness of 1.2in. The 
cylinder is prestressed to take an 


French 


internal pressure of 427 psi. 


New Program Okayed 

While Marcoule nears comple- 
tion, back in Paris the National 
Assembly finally has approved the 
new French five-year atomic plan 
for the years 1957-61. The pro- 
gram earmarks 384 billion francs 
($1.1-billion) for AEC 
projects as well as projects to be 
carried out by AEC for other 
ministries-—e.g. a propulsion proj- 
ect for the Navy. 

For the first time, the voted 


various 


French five-year plan—-which ac- 
tually represents only AEC budget 

does not embrace all French 
efforts in the nuclear field. The 
French national utility, Electricité 
de France, which up to now has 
worked jointly with AEC on nu 
clear energy projects, will hence- 
forth operate its own projects and 
finance them as well by loans. 
EDF presently expects to spend 
some 128 billion francs on its 
centers over the 
next five years. EDF-1, the first 
such project, is still slated to start 
up in 1959 (NU, July ’57, 27). 

Official EDF plans call for 800- 
850 Mw nuclear installed capacity 
by 1965 (NU, May, '57, 21), but 
this goal is almost certain to be 


atomic power 
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raised now that France has rati- Marcoule rises in Rhéne valley 
fied the Euratom treaty. Re- 

ported new goal is 2,500 Mw by 

1965, 4,000 Mw by 1967. 


Enrichment Plant Seen 


Much of the Assembly debate 
on the five-year program cen- 
tered on a 25 billion franc item 
earmarked as the first installment 
for the building of an isotope 
separation plant, whose total cost 
is estimated at 60-billion francs 
($17l-million). It now seems 
likely that France will go ahead 
with the construction of this en- | 1's LOADING-UNLOADING CONTROL PANEL overlooks actual reactor's loading 
richment facility, despite the pos- face, which it simulates (cf photo NU, April '56, 22) 
sibility that Euratom may sched- 
ule a similar project. 

Commenting on the project in 
the National Assembly, M. Fran- 
cois-Bénard, new State Secretary 
for Atomic Affairs, put the gov- 
ernment’s position this way: “The 
United States admittedly has of- 
fered supplies of U** to Euro- 
pean nations, but under condi- 
tions which limit its use and 
which can be cumbersome. Thus, 
though France can look to the 
U. S. for the fueling of its reac- 
tors, it is nevertheless indispensa- 
ble that France have its own 
source of U** which will assure 
it of its independence and _ its 
security when it comes to work- 
ing on certain prototypes and for 


marine propulsion.” 
TI ven Weanch ANG Groves ‘STEEL CATHEDRALS’ OF G2 (foreground) AND G3 near completion. Outside 
iS RoW Sree Saati vo-your covering of G3 building has been completed since photo wa; taken, and final two 
program provides for construc- heat exchangers for G2 installed beside two shown at left center; two of G3's 
tion of several experimental and four exchangers erected. Each is 106 ft high, 9 ft 10 in. dia, weighing 110 tons 
testing reactors, not all of which 
have been detailed. Work has 
already begun on certain an- 
nounced projects, such as the two 
swimming pools Mélusine and 
Triton—and another low power 
pile—Minerve—-which is to be 
used in reactivity studies (NU, 
Dec. 56, R9). French officials, 
while admitting the inevitable use 
of concentrated fuel for marine 


propulsion, nevertheless have de- 


cided to move ahead with a ma- 
rine reactor project that will use 


natural U and will be moderated | pisonium EXTRACTION PLANT, center, is in last construction phase; to left Is 
and cooled by pressurized water a plutonium laboratory 
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Reactor News 


AEC DETAILS REACTOR PROGRESS 


Here are highlights of new developments in the nation’s 
reactor program, as reported, in AEC’s 22nd semiannual 
report: 


©The Navy Board of Inspection and Survey that ac- 
cepted Seawolf “for restricted service” also recommended 
“replacing her sodium plant with Nautilus-type pressur- 
ized water reactor.” 


® Experimental plutonium fuel elements for the Ma- 
terials Testing Reactor were fabricated and tested; sub- 
sequently they were added to the reactor core and used 
as fuel elements. 


® Steady-state boiling tests with Borax-4 at atmospheric 
pressure were carried out with power levels as high as 
2.6 Mw; “oscillations in reactivity levels were evident 
at higher power, but the general evidence indicated that 
the reactor was much more stable than anticipated.” 


© Component and equipment mockup tests at Argonne 
for the second experimental breeder “have demonstrated 
the technical feasibility of remote handling mechanisms 
and other novel features of the EBR-2 design; H. K. 
Ferguson has completed preliminary architect-engineer 
studies. 


© Both the Homogeneous Reactor Test at Oak Ridge and 
Los Alamos Power Reactor Experiment-2 are expected 
to go critical late this year. 


®@ Work is under way at Savannah River on a pressurized 
heavy-water power reactor. 


© The Organic Moderated Reactor was loaded and was 


scheduled to go critical as this goes to press 
, 


U. K. OPTIMISM ON CALDER STILL GROWING 


In its third annual report, the British Atomic Energy Au- 
thority confirms its great optimism on development of 
the Calder-type gas-cooled aiiibegundantalt reactor: 
“It continues to show even greater potentialities than at 
first thought,” says AEA chief Sir Edwin Plowden. 
Highest priority is going to expediting UO, ceramic fuel 
development and fabrication of beryllium canning ma- 
terial, to raise fuel temperature from 400 to 600° C 
enough to up electric output from a two-reactor station 
from 300 to 800 Mw. AEA admits the original concept 
of three successive stages of development has been off 
cially abandoned, and building of a prototype sodium- 
cooled graphite unit is in doubt 


SRE MAKES CURRENT 


On July 12 the Sodium Reactor Experiment, which had 
been making neutrons since April 25 (NU, May ‘57, 
26), made its first kilowatts. Fed over Southern Cali- 
fornia Edison's distribution lines, it was the first power 
from a non-military reactor distributed by a private utility 
company (March '56, 24; Nov., R6). Atomics Inter- 
national, which built and is operating SRE for AEC, 
hopes to be at full power—6.5-Mw—late this year; a 
level of 1 Mw electric has been reached thus far. 


26 


APPR PASSES 700-HR TEST 


Final test of the Army's Ft. Belvoir package power re- 
actor, a 700-hr endurance run with 40 hrs maximum 
downtime allowed, was a success with only 8 hrs shut- 
down taken; rate of electricity generation exceeded de- 
sign output for over 600 hrs, and 1,000,181 kwh were 
produced (see foldout facing p. 60). 


AI SELLS RESEARCH UNIT IN ITALY 


The Centro di Studi Nucleari Enrico Fermi of the 
Politecnico in Milan has bought a 50-kw solution-type 
research reactor from Atomics International, which is 
building similar units for Tokyo, Copenhagen, Frank- 
furt and Berlin. The Fermi center will cost $800,000, 
including $320,000 for the AI reactor. 


B&W OFFERS BIG POWER DESIGN 


A 133-Mw pressurized water power plant designed to 
meet the requirements for foreign nations’ utilities now 
in the market was announced by Babcock & Wilcox 
during the visit of the 60-man Euratom group (see p. 
27). Fueled by slightly enriched uranium, the reactor 
would deliver 2-million Ib/hr steam at 449° F, 420 psi 
saturated; power output could be increased by use aa 
conventionally-fired superheater. 


6.5 MILES OF TUBING FOR CON ED 


Makeup water for Con Edison Indian Point reactor will 
be provided by two 44-ton Griscom-Russell evaporators 
65 he long, 8 ft dia, containing 6% mi copper-nickel tub- 
ing. Each unit will produce 65,000 lb/hr vapor. 


EVALUATION CENTER AT WALTZ MILL 


Westinghouse has established a reactor evaluation 
center at Waltz Mill, Pa., where its materials testing 
reactor is under construction (NU, July °57, 25). 
Centered about a critical experiment facility, the center 
will “check out reactor calculations and the value of 
various types of control rods in prototype cores for 
power reactors.” 


WESTINGHOUSE EXPANDING FUEL FACILITY 


The twice-enlarged nuclear components plant at Ches- 
wick near Pittsburgh is being expanded again: West- 
inghouse is adding 24,000 ft’ starting this summer, for 
manufacture of core components and complete core as- 
semblies. By year's end Cheswick will employ 275. 


U. K. CLAIMS LEAD IN REACTOR SALE VALUE 


Moneywise, Britain is ahead of the U. S. two-to-one on 
nuclear power plants exported, according to the Finan- 
cial Times of London. U. K. firms, it says, have sold or 
are negotiating sale of five plants (in Australia, Italy, 
Japan, and two in Germany) worth £54-million ($151- 
million), while the U. S. is credited with six sales or solid 
prospects (in Belgium, Brazil, Cuba, Italy, Mexico and 
Dominican Republic) worth 220-million ($56-million) . 
One joint Anglo-American sale was made to Germany. 
On the other hand the survey gives the U. S. a 21-6 lead 
in research reactor sales. British manufacturers expect 
foreign nuclear plant orders to reach $475-540-million 
by end of 1958, $840-million by 1960, $1,400-million by 
1965, the Financial Times says. 
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World News 


International Agency Comes into Being 


The International Atomic Energy Agency became a real- 
ity July 29 when President Eisenhower signed the instru- 
ment of ratification. Eighteen ratifications including 
three among U. S., U. K., USSR, France and Canada 
were required; Britain ratified earlier that day. Total 
acceptances are up to 21 with Denmark, Dominican Re- 
public, Honduras, India, Israel, Japan, Portugal, Sweden 
and Turkey having come in last month (NU, July 
"57, 22). 

British to Train South Africans 


Britain will help the Union of South Africa develop a 
nuclear program by training her scientists under a new 
agreement. Two Afrikanders will do research at Har- 
well on heavy water production methods, with a view to 
its production in the Union. 


Atomic Tie-in at Scottish Hydro Plant 

Britain’s biggest hydroelectric project, a $68.6-million, 
three-station system in the River Awe catchment area, 
will have facilities for using surplus energy from nu- 
clear power or high efficiency steam stations. Nights 
and weekends when system load is low, the generating 
lant at Cruachan (which will include Scotland's first 
lennon pumped storage hydroelectric development) 
will absorb surplus energy from A-plants by pumping 
water from Loch Awe to a high-level reservoir with a 
head of 1,300 ft. 


Ecosoc Debates Nuclear Power 


At its 24th session, the U. N. Economic and Social Coun- 
cil discussed a detailed report prepared for it on nu- 
clear power prospects (NU, July ‘57, 19), and called 
for further studies on energy resources and technical as- 
sistance needs, with recommendations for action by it 
early in 1959. Ecosoc rejected a Soviet proposal ask- 
ing the U. N.’s regional economic commissions to carry 
out peaceful atomic development projects regionally, on 
the ground this should await establishment of the Inter- 
national Atomic Energy Agency in October. 


Mitsubishi Seeks Westinghouse Tie 

A 15-year technical tie-up for building nuclear-powered 
ships with International Woltihous Electric Co., has 
been negotiated by Mitsubishi Electric Mfg. Co. In 
applying to the Japanese government for approval, 
Mitsubishi says its contract with Westinghouse calls for 
initial royalty fees of $1-million over two years, would 
permit production of experimental, power-generating and 
ship-use reactors, besides all materials needed for their 
operation. 

















France Finds Uranium in Africa .. . 





After long silence, French officials confirmed reports of 
an important uranium strike in Gabon, French Equa- 
torial Africa. It is said to be rich stuff. 


. and Germany in Its South 


Four uranium finds in Bavaria and two in Baden-Wiirt- 
temberg are reported, and said to be economically ex- 
ploitable. . . . A mining firm, Gewerkschaft Brunhilde, 
plans Germany's first U-ore dressing plant, to process 
5,000 tons/yr, at Ellweiler in Rheinland-Pfalz state. 
Costing $120,000, it will be expanded later to handle 
20,000 tons/yr. 
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British Schedule Two Big A-Tankers 


A 65,000-ton nuclear tanker is already in the design 
stage in Britain and will be built on the Clyde by a new 
industrial combine. John Brown & Co, Ltd., Clyde- 
bank shipbuilders, and the Hawker Siddeley Group Ltd. 
have—as forecast (NU, June ‘57, 27)—pooled their 
resources to form Hawker Siddeley—John Brown Nuclear 
Construction Ltd. Studies on the big ship have been 
underway for more than a year. “One thing we have 
established,” said Sir Arnold Hall, technical director of 
the Hawker Siddeley group, “is that a nuclear-powered 
tanker is capable of delivering oil to Britain cheaper 
than the conventional tanker.” The new company, 
capitalized at $1.4-million, will carry “one other aa 

wer jects, perhaps including nuclear aircraft. . . . 
Earlier! Baboosk & Wilcox Lid. and Cammell Laird & 
Co., Birkenhead shipbuilders, announced plans for a nu- 
clear tanker, also of 65,000 tons (NU, May ‘57, 27). 
The two have been collaborating for 16 months on this 
study. 





Italy May Nationalize Atom 


A bill envisioning nationalization of production of nu- 
clear power and of fissionable materials is now before 
the Italian parliament. It establishes the conditions 
under which the State will participate in assisting pri- 
vate enterprise in developing nuclear activities outside 
these two fields, and establishes an inter-ministerial com- 
mission for determining and executing policy. The bill 
may be amended considerably before being voted on in 
final form, but it is held unlikely that it will be de- 
feated. Chances of a full-dress y Pere at this session, 
before the parliamentary summer vacation, are prac- 
tically nil, and no action may be taken until a new par- 
liament meets after the elections set for spring of 1958, 
Meanwhile preliminary discussions between the World 
Bank and the National Electronuclear Authority are re- 
ported to have been completed. The Bank is under- 
stood to have agreed in principle to help finance Italian 
nuclear development, but details are closely guarded. 





Dutch Plan a Calder-Type Plant 


A 150-Mw Calder-type power plant is planned for North 
Brabant province in south-central Holland, to be in op- 
eration by 1962. The reactor and most of the com- 
ponents will be purchased abroad. The station is part 
of the Netherlands’ 2,600-million guilder ($684-million) 
nuclear program for 1962-5, will cost about 200-million 
guilders ($52.6-million) . 





U. S. Heavy Water to Sweden, Australia 


Sweden will receive 28.6 tons of heavy water from AEC 
for use in the prototype space-heat reactor being in- 
stalled near Stockholm (NU, Dec. °56, R10). Cost 
comes to $1.6-million at $28/lb . . . Australia will re- 
ceive 11 tons D.O for its high flux reactor building near 
Sydney (NU, Oct. '56, R7). Total cost is $616,000 
To date, AEC has sold 217 tons of heavy water under 
the Atoms-for-Peace program. 





RWE Picks Site 


Gross-Welzheim on the Main river will be the site of 
the 15-Mw power reactor, Germany's first, to be built 
for Rheiniscls-Westfilische Elektrizititswerke of Essen 
(NU, May °57, 27). 
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News in Brief 


Three-Industry Atomic Team Formed 

General Aniline & Film Corp., Emerson Radio & Phono- 
graph Corp., and Revere Copper & Brass Corp. have 
submitted a plan to AEC for a nuclear radiation reactor 
project. Known as the CEM Group (Chemical, Elec- 
tronics and Metallurgical industries in partnership), it 
will aim to use radiation in lab experiments and com- 
mercial applications. 


OEEC Energy Group Meets 

The nine-member Energy Advisory Commission of the 
Organization for European Economic ye Rp ae held 
its first meeting in Paris last month and took up national 
energy policies and Europe’s growing energy needs. 


British Complete Fusion Apparatus 

Harwell has completed a “fundamental” apparatus for in- 
vestigating fusion reactions. Britain claims the appa- 
ratus will put it “ahead in the world race to achieve a 
controlled thermo-nuclear reaction.” Although operat- 
ing data, size and cost were not disclosed, it was reported 
by Sir John Crockcroft, Harwell’s research director, that 
the equipment would be used to heat hydrogen’ isotopes 
to about 100-million degrees C at which fusion reactions 
can be detected. Metropolitan Vickers Electrical Ltd. 
was prime contractor 


Birthplace of Atomic Energy Doomed 

The west stand of Chicago University’s Stagg Field, on 
the east side of Ellis Ave. between 55th and 56th 
streets, will be razed this month. Here, on Dec. 2, 
1942, was born the atomic age when, in a squash court 
built under the stand, Enrico Fermi’s first uranium-and- 


graphite pile went critical. The stand, not used since 
Chicago withdrew from intercollegiate football in 1939, 
is now structurally unsound. A plaque commemorating 
the first chain reaction will be placed on a temporary 
base on the cleared site, and later installed permanently 
when the site is again used. 


Texas A&M plans nuclear center 

A nuclear center embracing a research reactor, a gamma 
radiation facility and a particle accelerator is contem- 
plated at Texas A&M College. Proposals will soon be 
submitted to the college's board of directors. The cen- 
ter is to be a part of the Texas Engineering Experiment 
Station, a division of the college. If approved, the cen- 
ter will offer both research and educational programs. 
According to Richard E. Wainerdi, the Station's nuclear 
coordinator, the center most likely will include a 1-Mw 
swimming-pool reactor, a medium-size Van de Graaff ac- 
celerator, radiation sources and hot labs; and would also 
house the Aerojet-General Nucleonics training reactor to 
be installed by mid-September. Aims of the center, 
Wainerdi says, are to provide a personnel-training facil- 
ity required by Texas’ growing nuclear industry, and to 
do research for industry, agriculture and medicine. 


Westinghouse Also in Fusion Work 

On the heels of General Dynamics and General Electric 
(NU, July '57, 24), Westinghouse announced its part 
in the Project Sherwood drive for controlled fusion 
power. Centering on ultra-high vacuum poser 
Westinghouse work includes development of ultra-high 
vacuum components and pumping systems; research to 
understand and control factors limiting production of 
high vacua; study of relative effectiveness of alternate 


methods of producing ultra-high vacua, and design and 
fabrication of vacuum components and systems. 


Homestake Plans Uranium Mill 

A completely automated mill uranium run by a single 
operator and capable of processing 850 ton/day will be 
built by Homestake New Mexico Partners at Grants, 
N. M. (NU, June ‘57, 28). Situated in the Ambrosia 
Lake district, the mill is a joint venture of Homestake 
Mining Co. and Rio de Oro Uranium. 


Late ‘58 Completion for Lockheed Plant 

Lockheed Aircraft Corp. anticipates having its nuclear 
aircraft research laboratory near Dawsonville, Ga., (NU, 
May 56, 22) operating by the end of 1958. 


Two Firms Join Research Programs 

San Diego Gas & Electric Co. will take part in General 
Atomic’s research program on nuclear power systems, 
comparing various proposed reactor types and assisting 
in designing specific reactor facilites . . . In Cleveland, 
Crawford Fitting Co., tube fittings and valves manufac- 
turer, has become the eighth firm to join the Case In- 
dustrial Nuclear Center. 


Two Centers Offer Radiation Services 

A 2-Mev Van de Graaff accelerator at High Voltage’s 
Burlington, Mass., plant can be rented for testing effects 
of radiation on materials or for actual production pur- 
poses. In the West, Applied Radiation Corp. also has 
a customer service irradiator center at Walnut Creek, 
near San Francisco. 


World Radiation Hazards Reviewed 

Radiation dangers stemming from industrial uses of 
nuclear energy were given ys priority at the first con- 
ference, July 29-Aug. 1, of the International Organiza- 
tion for Standardization’s nuclear group. Meeting in 
Geneva, the 19 IOS member nations, including the 
U. S., UK and USSR, considered establishment of world- 
wide safety standards. 


Florida State Plans Accelerator 

The nuclear radiation center planned by Florida State 
University, Tallahassee, will have a 10-Mev Van de 
Graaff tandem accelerator installed by late 1959, com- 
prised of two 5-Mev accelerators end-to-end. 


Euratom Group Tours U. S. Facilities 

To receive first hand orientation on pressurized and 
boiling water reactors, a group of 50 industrialists and 
government officials representing Euratom countries 
visited more than a dozen AEC and private industrial 
sites during July. Interested in the problems of setting 
up large power reactor complexes, ta group met with 
nuclear engineering, power and manufacturing firms. 


Tennessee Sets Up Nuclear Board 

An eight-man state nuclear advisory committee has been 
established in Tennessee, with Howard P. Preston, _ 
ident of the Hamilton National Bank, Knoxville, as chair 
man, 


Chamber A-Group Renames Head 

Lewis M. Smith has been reappointed chairman of the 
committee on commercial uses of atomic energy, Cham- 
ber of Commerce of the United States. He is president 
of the Alabama Power Co., Birmingham. 
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And additionally- 


We invite your inquiries concerning the RCL improved version of the 
exceedingly successful Argonne National Laboratory 1024 channel 
Neutron Time of Flight Analyzer.” 


Specifications: 

. Half microsecond channel width mini- 5. Recording potentiometer and decimal 
mum; 0.75, 1, 1.5, 2, 32 micro- printer readout. Other forms of read 
second widths, switch selected out possible 

. Dead time: 16 microseconds 

. 65,535 counts / channel 

. 1024 channels in one block, start of 
block positioned in increments of 256 
channels from zero to 4096 W micro 


6. Linear cathode ray tube curve display 


7. Memory separable into two parts for 
recording simultaneously related but 
separate events 

seconds, where “W is the selected *Schumann, 8.W ., Review of Scientific instruments, 

channel width pp 9, 27, September, 1956 

AVAILABLE approximately October, 1957 
Get your order in NOW 





Radiation Counter Laboratories, Inc., 
Nucleonic Park, Skokie, Illinois 


mais 
Counter 


| 
| 
| Gentlemen, 

| Please send me additional information about the 

| RCL improved 1024 channel Neutron Time of Flight Ana 
| RCL 256 channel Analyzer, 

| RCL 1024 channel two Dimensional Coincidence Analyzer 
| 

| 

| 

| 

| 

| 
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Title 


Laboratories, Inc. 


Firm 
Address 


City, State 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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NOW - STUDY THE EFFECTS 
OF GAMMA IRRADIATION 
IN YOUR OWN LABORATORY 


WITH TH E DRAWER SYSTEM : 


=_— 








—for insertion 


A.E.C.L. GAMMA ‘me 
IRRADIATION CELL. 


The Gamma Irradiation Cell, Model D-47, safely permits 
the irradiation of material with the penetrating 
gamma radiation of Cobalt 60. Requiring only 

@ connection to an electrical outlet, the unit is maaseamen 


ready to go to work providing radiation dose CAVITY 
(down position) 


IRRADIATION 
CAVITY 
(up position) 





eeieeteentetienteaientestetteietentesteteen | 





rates up to 1,000,000 roentgens per hour. 





The D-47 is completely self-contained and 
is virtually free of maintenance costs. 


A timing device automatically : COBALT 60 


terminates the irradiation at the SURGE 


end of a preset time interval. 








With minimum instruction, 

a series of irradiations can be 
handled by a Technician, thus 
conserving the more valuable 
time of supervising personnel 





For information on the Gamma 

Irradiation Cell, kilocurie cobalt 60, 

radiography machines and sources, 

neutron sources, irradiation services, radiosotopes 
and teletherapy equipment please write to 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93 Ottawa, Canada 
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For piping systems that 
can’t be anchored, use ZALLEA 


HINGED EXPANSION JOINTS 


Piping systems like the one in this 63,750 bbl /day catalytic 
cracking unit, one of the world’s largest, at Gulf Oil Corp 
Girard Point Refinery, have to be entirely self supporting. The 
entire cracking unit... reactor, regenerator and all connect 
ing lines is suspended in a huge structural steel framework, 
counterweighted to keep the system in balance, and fitted 
with Zallea Hinged Expansion Joints to provide vital flexibility 
plus support for the reactor 


In the 150 ft. air supply line, all thermal movement of the piping 

is absorbed by angular displacement in three 42’ dia. Zallea Hinged 
Expansion Joints. Start-up air in this line is at 1000°F. Under 
operating conditions it is delivered at 250°F, 25 psig 


Two 50” dia. Zallea Hinged Expansion Joints in the spent catalyst 
line carry fluidized cracking catalyst at 950°F, 13 psig 
Since this cracking unit first went on stream, these Zallea Expansion 


Joints have given completely trouble-free service 


Process piping of any kind can be fully protected with one or more 
Zallea Expansion Joints. From the complete Zallea line you can select 
the expansion joint or combination of expansion joints best suited 

to your particular problems. 

Get the complete story in our new 72-page manual, Write today, on your 
company letterhead, for your copy of Catalog 56. Zallea Brothers, 879 
Locust Street, Wilmington 99, Delaware. 


expansion joints 


Zallea Brothers « Wilmington 99, Delaware 


World's largest manufacturers of expension joints 





Van de Graff accelerator in ONR’s Naval Research Laboratory. Many substantial 
contributions in the field of nuclear physics have been made by ONR scientists 


OFFICE OF NAVAL RESEARCH BRINGS SCIENCE 
OF FUTURE TO AMERICA’S SEA ARM 


The Office of Naval Research, formed in 1946, 
has already become an extremely important 
contributor to the effectiveness of the Navy and 
a full-fledged member of the scientific com- 
munity. ONR’s mission is “to plan, foster, and 


encourage s¢ ientific researe h as related to 


the maintenance of future naval power! and the 


preservation of national sec urity 

The Navy has an enormous requirement for 
nearly every kind of scientific and technological 
information. Since its establishment, ONR has 
supported scientific research in nearly every 
major scientific field. Its research results sup- 
port development in Navy bureaus, in aircraft, 
guided missiles, ships, medicine, training, logis- 
tics and other areas. ONK also supports explor- 
atory development to test the feasibility of 
radically new weapons concepts, 

Most ONK research is pertormed under con- 
tract in universities, non-profit institutions, and 
industrial laboratories. Research is also per- 
formed at the four laboratories under ONR 
supervision: the Naval Research Laboratory, 
the Training Device Center, the Underwater 


of a seric f ad : 
f the Department 


Sound Reference Laboratory, and the U. § 
Naval Biological Laboratory. 

Out of ONR’s laboratories have come such 
developments as the earliest radar; major ad- 
vances in radio telescopy; high altitude re- 
search (employing both balloons and rockets, 
such as the well-known Viking); many contri- 
butions in nuclear physics, nuclear power, 
metallurgy, mechanics, and chemistry; ad- 
vances in physiology, biology, and psychology 
as well as an extremely wide range of develop- 
ments in weapons controls, armament, amphib- 
ious warfare systems, underwater ordnance 
aircraft instrumentation, undersea warfare 
and in many related fields. 

Typical of ONR’s latest work is logistic sup- 
port of the Earth Satellite Program, being car- 
ried on by ONR’s Naval Research Laboratory 
The entry of the satellite into space should 
bring many contributions in physics, geodesy, 
and geophysics, with many long range applica- 
tions in transportation, communications, me- 
teorology, navigation, mapping—and space 
travel. 


FORD INSTRUMENT Co. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 


Beverly Hills, Cal ° 


Dayton, Ohio 


Engineer at Ford Instrument checks 





out computer developed and built for 


ENGINEERS of unusvol abilities can find o future at FORD INSTRUMENT CO. Write for information. U. S. Navy 
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TO HELP YOU PLAN AHEAD we'd like to see 
that you have the complete ALITE story. Write 
for our new Bulletins A-7R and A-20 today. 
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©@ Today, perhaps — you are not con- 
cerned with applications that call for a 
material with such superior properties 
as ALITE possesses. But tomorrow it 
could be quite a different story. For as 
the desire to continually improve prod- 
uct performance inspires the designer 
to search beyond the limits of conven- 
tional materials, the unique character- 
istics of ALITE high-alumina ceramics 
become increasingly important. 





-ALITE 


Alite has excellent physical properties 
which make it ideal for purely mechan- 
ical applications such as pistons, 
cylinders, rotating seals, slide valves, 
bearings, bushings, extrusion dies, etc. 
We can form Alite to practically any 
shape by extruding, pressing, molding, 
or casting —finish it to any required pre- 
cision by diamond wheel grinding and 
lapping. Alite has already earned wide 
acceptance as a high-strength insulating 
material, giving reliable service in many 
critical electronic applications. It has 
proved especially suitable for use in high 
temperature vacuum-tight ceramic-to- 
metal seals. 

Throughout industry, forward-thinking 
design engineers are becoming thor- 
oughly familiar with the remarkable 
qualities of Alite — and are specifying 
Alite to solve tomorrow's materials prob- 
lems today. 


Outstanding Properties of ALITE 


Superior mechanical strength 
Extreme hardness 

Exceptional abrasion resistance 
High temperature stability 
Excellent dielectric characteristics 
High corrosion resistance 
Resistant to nuclear radiation 
Workable to precision tolerance 





eM Photomultipliers 


\\E.M.L. Electronics manufacture a wide range of end-window photomultiplier 
tubes having 11 and 13 dynodes giving gain factors up to 5 x 10°. Tubes are available 
with glass windows 1}", 2”, 34” and 5” in diameter and with quartz windows 1}” and 2” in 
diameter. Blue sensitive CsSb photocathodes, of either S11 or a specially made low red 
sensitivity type, are available in all tube sizes; red sensitive Bi-Ag-Cs photocathodes (S10) 
are available with glass and quartz windows in the 1” and 2” sizes. 


Suggested types for specific applications are 
APPLICATION ryPe 
SCINTILLATION COUNTING Gamma ray spectrometers and general counting 9524, 6097, 9514, 9531, 9530, 6000, 
Counting of low energy particles (C'*, H 95245, 60978, 95148 (low red cathode) 
Observation of gas scintillations 6255, 6256 (quartz windows). 


SPECTROPHOTOMETERS & 6500 A.U, 9502, 6007, 9514, 9524 


ASTRONOMICAL APPLICATIONS 6500 A.t 6255, 6256. 
8500 At 6085, 9528. 
8500 A. 0526 (14" quartz window, Bi-Ag-Cs). 


LOW LEVEL PHOTOMETERS Corrected to eye response by filter 


FLYING SPOT SCANNERS Monochrome 609TF , 9590F, 
FOR TELEVISION Colour 9530F , 6097TF , 6096F'. 


For data sheets and descriptive booklet giving full detcils of E.M.1, photomultipliers and other types of electronic tubes 
and further recommendations for particular applications, apply t 


E.M.I. ELECTRONICS LTD., (Valve Division) RUISLIP, MIDDLESEX, ENGLAND 
Telephone: RUISLIP 4091/2/3 Cables: EMIDATA, RUISLIP 
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THE BIG STICK 


Since 1946, Martin engineering has placed special emphasis on the 
science of rocket and missile development. 

It is because of this that Martin is now building a most potent and 
important weapon system—the ICBM Titan—an ocean-spanning mis- 
sile to back up the traditional American policy of peace with honor: 

“Speak softly and carry a big stick!” 

From this intercontinental peace protector to the world’s first satel- 
lite launching vehicle now nearing completion, Martin engineering is 
pioneering the new age of missiles and rockets. 


If you are on the watch for tomorrow, watch Martin today. 
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BALTIMORE OBENVER ORLANDO 
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VALV 


for every type of atomic service 








Crane '4-inch, Type 347, 
bellows-sealed valve 











IN EXPERIMENTAL LABORATORIES 


Crane all-stainless, par- 
allel-dise gate valve for 
main coolant service in 
atomic power plant 








Crane 14-inch, cylinder- 
operated stainless steel! 
gate valve for atomic 
power propulsion 











IN ATOMIC-POWERED PROPULSION 


Pioneer in valves for handling radioactive fluids, Crane 

builds and operates original and unique equipment for 

producing and testing valves for atomic services. 
If you specify or use valves for radioactive service— 


in production of atomic materials, propulsion, power 
generation or products used in atomic research—call on 
Crane for tested ideas and technical information about 
the valves and fittings you need. 


C RAN E VALVES & FITTINGS 


PIPE © PLUMBING © KITCHENS © HEATING « AIR CONDITIONING 


Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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LOW-COST 
MINIATURIZATION OF 
WIEGAND MFG. CO.'S 
INTERCEPTOR 
TRANSFORMER 


Damped oscillation output at twice the input frequency 
for use in telemetering and relaying . . . is the function 

of the Interceptor Transformer. This miniaturized system 
is compatible for carrier frequencies from 200 cps up 
into the megacycle range. Previous designs for this 

type of system using conventional components 

were bulky, and expensive. 

Wiegand gave the problem of miniaturization to General 
Transistor. Following GT engineer's recommendation, 

a GT-81 transistor was used. This transistor met 

the specs .. . a response to signal amplitudes below 

1 microvolt . . . it had to be highly reliable and able 

to withstand shock, vibration, and heat .. . ready 
availability for mass production in printed circuits .. . 
and finally, competitively priced. 

Many of the leaders of industry turn to GT for the 
solution to their problems . . . strict quality controls, 
selected raw materials, environmental testing, 

engineering know-how, and modern production 
techniques assure a complete reliable product 



























































This is one more “M4 why 


General Transistor is the fastest growing name in transistors 
Send for Bulletin G-110. 


AL TRANSISTOR 
s - © feet lel 


91-27 136TH PLACE JAMAICA 35, NEW YORK 
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Busy executives, scientists, engineers and Govern- 
ment officials attending the 1957 — Trade Fair of the 
Atomic Industry will save valuable time thanks to 
a NUCLEONICS exclusive: the printing of the official 
Show Program in NUCLEONICS OCTOBER ISSUE. 


Thousands of these buyers will plan their visits with 
this Issue . . . their complete guide to the over 300 
manufacturers exhibiting the latest developments in 
products and services ... papers presented, luncheons, 
business meetings, etc 


Influential visitors from approximately 40 countries 
are expected to attend this important Show which, 
this year, will feature concurrent Atomic Industrial 
Forum and American Nuclear Society meetings. 


For those unable to attend, OCTOBER NUCLEONICS will 
bring a comprehensive review of the Show to their 
desks — in time for fall sales planning. 








SqeeeeSPECIAL ISSUE to contain official show program 
DETAILING EXHIBITORS and EVENTS 


You can use OCTOBER NUCLEONICS to merchandise your 
exhibit at the Show ... and to attract customers to 
your booths. If you're not exhibiting take advantage 
of this high attention issue with an advertisement .. . 
it will reach over 17,000 paid subscribers. 

Forms close: September Ist for copy to be set; Sep- 
tember 8th for complete plates. 

While at the show drop in at NUCLEONICS BOOTH #219, 
we'll be glad to see you. 


NUCLEONICS @ @ 


A McGraw-Hill Publication, 
330 West 42nd Street, New York 36, New York 


ONE OF NUCLEONICS BIG3... FOR FALL 





Lockheed’s Georgia 
Nuclear Aircraft 
Laboratory needs 
additional scientists 
and engineers 
to explore the vast 
new field of radiation 
effects on complex 
RT UP systems — 


ks OR. J.C. Flac, inquiries invited. 
LEAR ENGINEERING 


DEveL OPMENT DIVISION 


Lo 
CKHEED SYSTEMS ANALYSIS 


AIRCR 
AFT ©ORPORATION DEPT WN 
U6 


834 WEST F 


PEACHTREE ST. Wy. w. ATLANTA 8, @toners NUCLEAR ENGINEERING 
REACTOR PHYSICS 
EXPERIMENTAL PHYSICS 
THEORETICAL PHYSICS 
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A meeting of minds and talents... 


brings zirconium in quantity and quality 
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No ingredient is more important, as zirconium comes 
of age, than the experience and technology that goes 
into producing the metal. 

Columbia-National, jointly owned by Columbia 
Southern Chemical Corporation and National Re 
search Corporation, is a source supported by a unique 
combination of abilities. Columbia-Southern is one of 
the country’s important manufacturers of chlorine 
and alkalies, with long experience in producing and 
delivering on schedule. National Research represents 
the nation's most advanced knowledge in extractive 
metallurgy, vacuum technology and the production of 
high-purity rare metals 

Columbia-National’s Florida plant has a design ca 
pacity of 1.5 million pounds, of which over one-third 
will be available to industrial customers 

For that extra margin of dependability — specify 

NEW/METALS FOR INDUSTRY Columbia-National zirconium, supplied in the sponge 
. form, preferred for consumable electrode arc-melt 

ing. C-N offers the latest information on melting and 

application techniques. Write for technical data on 


zirconium and its properties. 


Columbia-National Corporation 


ia-Southern Chemical Corporation 


Vational Research Corporation 


70 MEMORIAL DRIVE, CAMBRIDGE 42. MAGE 


5, No. 8 - August, 1957 

















o ‘ ° ~ - ~ ° - - ~ eo 
Oe ee ee ee ee oe ee be » @ 6 * eee .. a n2 «, ee +e os "se « .° «, . 
- _ <All Xe -s 


pays AUGUST pars 


TUE. WED. 





























2 
¥ 
¥ 
u 
E 














eee en tte ee Vo _ 
> Ole 00 Oe Oe Ole 6 @ 68 68 oie oe 5 


EACH DAY ANOTHER COMPANY TAKES THE LEAD 
WITH PACE 


Wherever engineers assemble, the name PACE has become known as the signature for the 
latest developments in the art of Analog Computing. The industry has confidence in EAI’s 
PACE Analog Computing Equipment, because it has a proven record, in actual operating 
hours, of unbeatable accuracy, unmatched speed, and complete dependability. Pictured above 
are the PACE Analog Computing Systems 16-31R and 16-131R. Write for full details on 
PACE Equipment and on time rental at EAI’s Computation Centers in Princeton, N. J., 
Los Angeles, Calif., and Brussels, Belgium. Please address all inquiries to: Electronic 
Associates, Inc., Dept. NU-8, Long Branch, N. J 
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Mallory 1000 Metal 


| 
' 
; 
: 


ada, made and sold by Johnson Matthey & Mallory, Lid 
110 Induatry Street, Toronto 15, Ontario 
Serving Industry with These Products: 
Electromechanical Resistors * Switches * Tuning Devices * Vibrators 
Electrochemice!l — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts © Special Metals © Welding Materials 
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; 


Cobalt 60 teletherapy machine 
source wheel—of Mallory 1000 Metal. 


In the design of radiation shields, the superior 
uniformity of Mallory 1000 Metal is an impor- 
tant quality. It permits calculations based on 
precisely controlled absorption characteristics 
rather than “average” or “typical” values. You 
can design smaller parts and reduce overall 
costs by minimizing safety factor allowances. 


Mallory 1000 Metal is being used for shielding 
of source capsules, “‘switching’’ devices and 
other radiation shielding applications at energy 
levels to 100 MEV. Mallory 1000 has high 
tensile and flexural strength— machines readily 
to close tolerances and excellent surface finishes. 
For application assistance—see the Mallory 
engineer . for more complete information, 
write for your copy of Technical Bulletin 6-7C, 


Expect more...get more from 
——-— 





P_R.MALLORY @ CO inc 





MALLORY &2 CO. ine INDIANAPOLIS 6, INDIANA 





Monel Alloy 
counters 
UF, attack on 
vulnerable 
lines and fittings 


Inconel Alloy 
reduces 
oxidation damage 

to batch trays 
and fixtures in 
1500 F converting 
furnaces 


Mallinckrodt Chemical Works is 
now producing commercially reac 
tor fuels of uranium dioxide and 
other uranium compounds at Hema- 
tite, Missouri. The enrichment of 
these uranium products ranges from 
less than 1% U-235 to more than 
90%, 

These products are derived from 
UF, liquefied gas ... hydrolyzed, 
precipitated as ammonium diuran- 
ate and dried to produce U,Ox,. To 
withstand attack by the highly cor- 
rosive UF,, Monel* nickel-copper 
alloy lines are used to carry the gas 
from container to hydrolysis. 
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Cylinder of UF. is connected to Monel nickel-copper alloy lines that carry it to hydrolysis tank. 


Two ways Inco Nickel Alloys assist in 
commercial production of nuclear fuel 


Furnaces in which U,O, is converted to UO, at 1500°F use Inconel nickel-chromium alloy trays. 


In further processing, batches of 
U,O, are fired in cracked ammonia 
atmospheres at 1500” to make UO», 
suitable for use in pellet fuels. (A 
sintered material for use in matrix- 
type fuel elements is also made.) 
Inconel* nickel-chromium alloy 
trays and fixtures endure the severe 
heat and corrosive atmospheres. 


Both these Inco Nickel Alloys are 
extensively used in construction of 


4». 


other corrosion- and heat-resisting 
equipment for production and con- 
centration of uranium and uranium 
fuel materials. The Development 
and Research Division of Inco has 
helped solve many of the metal 
problems in this design area and can 
probably help with yours... if you 
say the word. *Registered trademark 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


IINCO, Nickel Alloys 


TRAGOE mate 
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French Reactor 
Instrumentation 


The French have a vigorous, independent nuclear tradition. 


Their automatic control system, gamma-compensated ion chambers, 


and reactivity computers will interest designers everywhere 


By J. WEILL 


Commissariat al’ Energie Alomique, Paris, France 
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REACTOR OPERATION requires servo- 
mechanisms and assemblies of instru- 
ments for both nuclear and nonnuclear 
measurements, Control can be auto- 
matic or manual, We in France have 
developed a variety of instruments and 
mechanisms for this purpose, We have 
automatic control systems that com- 
bine power-proportional and reactivity- 
proportional signals | hey move both 
regulating rods and compensation rods 
designed to compensate for tempera- 
ture effect and poisoning from burnup. 
We have also developed ionization 
chambers with compensation for gam- 
mas and shielding to be used with 
them so that they can be used over 9 
decades of neutron flux, Little has 
been published in American journals 
concerning these developments (1, 2) 


Automatic Control 


Our automatic control system con- 
sists of (a) a sensing system to furnish 
an error signal and (b) a remote-control 
system in which a signal causes move- 
ment of the control rods. The signal 
can be the error signal itself or a more 
complicated function 

Principle. We use a power-error 
signal modified by a signal proportional 
to the reactivity. Thus the signal in- 
jected into the control system is 


i A(P: BR 


FIG. |. Boron-lined chambers have elec- 
trometer tubes and input resistors sealed in. 
Thermal reiay permits short-circuiting re- 
sistor for zero adjustment 
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FIG, 2. Compensated ion chamber has sections sensitive only to gammas bucking 


similar sections sensitive to gammas and 
of gamma compensation 


nr the 
and B are 
and Fis a 


reactivity 


where Po is the demand pow 
actual power of the pile, A 
the two injection coefficient 
signal proportional to th 
Ap/p (8). 
Error signal. 
ment we usually use a 


lor a power measure 

tem consisting 
of an ionization chamber followed by a 
The 


the amplifier is proportional to the re 


d-c amplifier. oltage output of 


actor power, and it is compared with a 
enting the de 


between 


reference voltage repre 
The 
these two voltages is th 
We use two ty pes of 
nal corresponding to coarse and fine 


sired power. difference 
power-error 


signal, error sig 
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FIG. 3. Bismuth shield 
gammas more than neutrons and ex- 
tends useful range of chamber to 9? 
decades 
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attenuates 


neutrons, 


Top section provides adjustment 


measurements of power. Switching be 

tween the two signals is effected auto 
matically as soon as the magnitude be- 
comes less than a given value. To 
measure reactivity we use an automatic 
potentiometer system that is described 
later. 

Xenon and temperature compensa- 
tion. Xenon poisoning and elevation 
of temperature introduce 
that 
This 


suggests the use of compensation rods 


generally 


negative reactivity greater than 


available in the regulating rods 


with their position coupled to the auto- 
We use 
rods with a speed in reactivity per se 
ond that is less than half the 
the regulating rods. 


matic control system (4, 4) 
speed ol 
Coupling to the automatic control 
system is accomplished Ink it simple way 
by contacts corresponding to different 
regulating-rod positions. As a regu 


lating rod moves through its entire 


troke, five sets of contacts close, on 
at a time These contacts corre spond 
respectively, to the following five posi 
tions: (1) high end of stroke, (2) 
end of effective stroke 3) 
effective stroke 


troke, (5) low 


high 


| nter ol 


Nor 


mally a regulating rod in an automatic 


end of stroke 
system is maintained between positions 
2 and 4 

The high-end-of-effective-stroke con 
tact initiates the rise of a compensation 
rod, The 
starts the descent of one, The 
of-effective-stroke 


rise or descent 


low-end-of-stroke contact 
center- 


contact stops the 


(4) low end of effective 


As soon as a compensation rod 
reaches the limit of its stroke the high- 
end-of-stroke and low-end-of-stroke 
contacts are switched to control the 
action of another compensation rod, 
and so on through all of the compensa- 
tion rods. The order in which the com- 


pensation rods come into action is 


selected before the system is placed in 


operation 


Manual Control 


For manual control we use a servo- 
The 


signal portion of the system has a fine 


mechanism to adjust control rods. 


selsyn transmitter and a coarse one. 
Their sensitivities are in the ratio 1:20, 
and they are located at the control desk. 

The follower system at the reactor 
includes fine and coarse selsyn receivers, 
Phese 


drive 


are coupled mechanically to the 


motor of a drum. Suspension 


rolled 
The motor is controlled 


ribbons for the control rods are 
on the drum 
through a magnetic amplifier by the 
error voltage that appears between the 
selsyns when their angular positions are 


different 


Scram Procedure 

After a fall of the safety rods the de- 
scent of the compensation rods is ef- 
fected at the end of a time interval con- 
This 


descent cannot be halted until the rods 


trolled by a time-delay circuit 


have reached their low positions. 
Thereafter raising of the safety rods is 
possible only when a certain number of 
safety interlocks have been closed ac- 
cording to the startup sequence. In 
particular the compensation rods must 
be in their low positions. Only after 
the safety rods have reached the upper 
ends of their strokes can the regulating 


ind compensation rods be raised. 


lon Chambers 


instruments 
those 


First in the chain of 


needed for reactor control are 


concerned with detection of neutrons 
For that purpose we use ion chambers 
The 


the inconvenience ol 


ind thermopiles chambers have 
sensitivity to 
that consider- 


yammas, but we reduce 


ibly by means of gamma compensation 
The ther- 
to gammas, but 


them 


ind preferential shielding 
mopiles are insensitive 
their long time constants make 
inappropriate for reactor control 

Our BF,-filled chambers have a sensi- 
tivity of 10~! sec for each 


They 


reactor startup 


amp n/em 


cubic centimeter of gas volume 


used for 
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FIG, 4, 


Boron-lined chambers (Fig. 1) have 
alternate plates with either solid boron 

,C deposited with a thickness of 
Natural boron gives a sen- 
ty of 5 x 10~-"* 


boron enriched in B!® gives about 


cm 


amp/n/em?/sec, 


mes this sensitivity (6). 
electrometer-tube preamplifier 
is generally sealed in the same 

lope as the ion chamber, as shown 
figure. Also in the sealed enve- 


ire the input grid resistor and a 


Three-stage amplifier has 100% negative feedback and produces current gain in ratio of input to output 


relay that permits short-circuiting the 
resistor for the purpose of zero adjust- 
ment. The relay can be magnetic or 
thermal. We prefer the thermal relays 
because the magnetic fields of the other 
type frequently alter the current of the 
electrometer tubx 

Gamma compensation, To 
ure neutron fluxes in the presence of in- 


Thecas- 


tense gamma fields we have developed 
the compensated ion chamber of Fig. 1. 
Tosubtract out the effect of the gammas 
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20 resistors, !0 ohms eoch 
tit tt 














resistors 


one operates two chambers In Opposi- 
tion (6), 
and gammas, the other to gammas only. 


One is sensitive to neutrons 


The two types have collecting poten- 
tials of opposite polarity 

Several pairs of chambers are con- 
tained in the same envelope, as shown 
in the figure. The component cham- 
bers are formed by two alternating sete 
of plates, Those with i boron deposit 
respond to neutrons and annie and 
the to 


The numbers of ele- 


those without boron coating 
gammas alone 
mentary chambers of the two types are 
the same, 

The amount of gamma compensation 
is adjusted by means of the special 
gamma chamber shown at the top of 
the assembly in Pig. 2. The compensa- 
tion control consists essentially of a cir- 
eent 


to 


cular sector of several macy ears 


meters of area. It is connected 
the output terminal for the collecting 
electrode and moves between two pairs 
of plates, one mounted on the positive 


high-voltage terminal and the other on 


FIG. 5. Vernier system displays reactor 
power with pilot-light system to indicate 
power range and sensitive galvanometer 
to indicate position within range. Regu- 
lated voltage V is applied to potentiometer 
P at right. Voltage to be measured, U, is 
opposed by N steps of a total of n 
Vacuum-tube system closes relay to protect 
galvanometer when it would read off scale 
Power is sum of reading of position pilot 
light, actuated by second contact of potenti- 
ometer arm, and reading of galvanometer 
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Chomber 


Lineor } 
(— C4 Amplitier } 


Logarithmic 
preamplifier 


FIG. 6, Amplifier following ion cham- 
ber has voltage output proportional to 
reactor power. Differentiating circuit 
delivers current that indicates reactivity 


be 
VIVNINIS 


1 —_ . 
" [. Two-phose 


i , motor 


{ampiitier Lf - 
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Ro [ r 
¢ Output 
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FIG. 7. Motor-driven potentiometer 
produces signal proportional to reac- 
tivity by combining signals proportional 
to dP ‘dt and P 


input 


tw 
awww 
> 
re) 


terminal 


ered to thi 


the high voltage 


Thus the net current deli 


negative 


sector in a gamma field will be positive 
negative, or zero depending on whether 
area is between 


the larger portion of it 


the negative plates or the positive ones 
The gamma effect can be made 300 
600 times weaker in compensated cham 
bers than it is in uncompensated boron 
lined chambers. The useful range can 
thus be made to extend over 6 decades 
To improve the gamma compensation 
and thus permit exploration of ~9 de 
ades in the power range, it is necessary 
to interpose between the radiation field 
and the ionization chamber a substance 
that is very absorbent to gammas and 
actually use 
filter 


tand gammas 


not so for neutrons. Ws 
a bismuth filter (Fig. 3). This 
attenuates neutrons by | 
by 140 for a minimum thickness (r of 
Fig. 3) equal to 12.5em. The amount 
of bismuth is then 425 kg 

At higher powers we shield the cham 
curtain 


~10 


ber with tn removable boron 


This attenuates neutrons by 


D-C Amplifiers 


The ionization chamber previousl 


described furnish d-c currents of 10 

10-'* amp, which must be amplified 
The potential produced by passing the 
current through a large resistance is 
applied to the 

electrometer tube 
nected through a cable to a d-c ampli 
fier. Under best conditions the 


trometer tube permits measurement of 
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control grid of an 


The output is con 


eles 


~1l mv with an input resistance of 
~10'* ohms. 

The amplifier of Fig. 4 has three 
stages and total feedback 
Its 250-volt supply is carefully regu- 


+10 mv 


negative 


lated so that it varies less than 
for a variation of +10 volts in the line 
voltage 

The voltage gain, by 
feedback, is unity. 
is given by the ratio of input resistance 


the 
The current gain 


virtue ol! 


to output resistance. In this amplifier 
the input resistance can be as high as 
10'* ohms, the output resistance is 10 
ohms, and the current gain can reach 
10% 

Permutations of the series resistances 
at the 
0.05, 0.5, 5, and 50 volts full seale. 


output give four sensitivities 
The 
time constant can be adjusted for slow 
or fast response depending on the meas- 
urement requirements. Drift in the 
amplifiers that have been built is a few 
millivolts in 24 hr. 
Vibrating-capacitor electrometers. 
the drift 


of d-e amplifiers we transform the d-« 


To avoid slow continuous 


current of the ion chamber to an a- 
current by means of a vibrating capaci- 
tor. Two arrangements can then be 
used: a servomechanism consisting of 
a two-phase motor driving an auto 
lock-in de 
tector with the a-c po 
tential the 
One model built at the Commissariat 


matic potentiometer, or a 
synchronized 


furnished by amplifier 


& l’Eenergie Atomique has the following 
characteristics : 


Current 
V oltage 
10 my 


(amp) 
10-'4 with 
10'? ohms 
+ 0.3 mv +0.3 < 107" 
200-300 wy 2-3 « 107" 


Full 


Sé neitivity 


scale 


Prec Laion 


24-hr drift 


Pile Monitors 

We have developed several useful 
circuits for monitoring reactor power 
reactivity A 


sensitive 


and 


tem 


power-vernier s8ys- 
yields a indication of 
level in terms of a system of 
lights that the 


interval and a sensitive meter that indi- 


power 


pilot indicate power 
cates the value of the power within the 
registered interval. To indicate reac- 
tivity we use logarithmic amplifiers, 
automatic potentiometers and a sim- 
that takes into 


influence of delayed 


ple computer circuit 
account the 
neutrons 

Power vernier. Reactor power can 
be measured with an ionization cham- 
ber, a d-c amplifier and a potentiome- 
ter-recorder Precision of the method 
can reach 0.3% A more precise read- 
out is possible with an automatic pre- 
cision potentiometer (Fig. 5). 


As can be 


galvanometer 


seen from the figure the 


spot is automatically 





(+)? To recorder, 4 


nit) 





100 Vv) i {} 


2Meg 
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2Meg | 
yw + » itn} 
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FIG, 8. 


Reactivity computer includes summer (1), servomultiplier with rate-propor- 


tional negative feedback (2), RC circuits to represent delayed neutrons (3), and 


recorder (not shown) (4). 
reactivity p(t) 


Input 7(t), is proportional to power level, output to 
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caused to return to the low end of the 
scale each time it reaches the high end. 
This is accomplished by adding one 
more step of an opposing d-c potential. 
The total number of opposing steps is 
indicated by an auxiliary row of pilot 
lights. Thus the power reading is the 
sum of the value indicated by the 
lights and that indicated by the galva- 
nometer. The precision of the system 
can reach | part in 2,000 (7). 
In the P2 reactor, 
this readout is used, the 
vary from 0 to 4,000 kw. 
the galvanometer corresponds to a 
power of +200 kw, and one can read it 
to m1 kw. 
Reactivity monitor. 
monitoring both pile power and reactiv- 


Saclay where 


power can 


Full seale on 


One system for 


ity consists of an ion chamber followed 
by a logarithmic preamplifier and a d-c 
This fol- 
lowed by a differentiating circuit and a 
The output of 


amplifier arrangement is 


ilvanometer (Fig. 6). 


t 


he amplifier is always proportional to 
the logarithm of power, and the current 
through the galvanometer is propor- 
tional to the reactivity.* 

In another method we use a poten- 
and a to 
pute the quotient of the derivative 
the itself 
7 The apparatus includes an 
d- 


recorder, 


eter servomechanism 


he power and power 


chamber, a amplifier, and a 


The 


1 two-phase balancing motor driv- 


-riven recorder 


r the arm of a calibrated potentiome- 
The 


ear funetion of 


arm’s displacement is a 


reactivity, as has 
been explained previously (1). 
Reactimeter. The kinetic equations 
that govern power changes in a reactor 
can be represented by a nonlinear oper- 
itor 7 
a(t 
another 


flu 


proportional 


that transforms a set of func- 
representing reactivity into 
set nit 
Ion chambers furnish potentials 
to Reactivity 
omputed with the inverse oper- 

T{n(t)| 
operator 7’ can be represented 
(Fig. 8). 
) 


a small summer, (2) 


tions 
representing neutron 


n(t). ean 


p(t 
an analog computer 
neludes (1 
ymultiplier with a rate-propor- 
negative feedback, (3) some RC 
ng circuits with circuit values and 
they 


it ser 
tional 
coup 


time constants chosen so that 


ring a power change we have 
P Poe®*/ 
log P « Akt 
tiating dlog P/dt « Ak 
p Bk fk Ak 
pad log P /dt 
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Included among French developments in 


struction. 
of potential, and a means of detecting the 
main difficulty is that the insulator betwee 
potential difference used for ion collection, 
spurious signal by flowing to the collector. 

culty. 


differences. 
in France. 
current once again does not flow in the 





No Leakage, No Guard Ring 


chamber without the inconveniences of cither leakage currents or guard-ring con- 
The simplest of ion chambers (A) consists of a collector, a shell, a source 


With this arrangement the leakage current flows in a path that does not in- 
clude the collector, and the collector insulator is subjected only to small potential 
Still better is the arrangement of C recently developed by the author 
The potential supply is mounted inside the collector so that the leakage 


difficulties of making, mounting, and insulating the guard ring are eliminated. As a 
further improvement the resistor can be put inside the chamber envelope. 


~ 


L eakage 


awa 


‘i 


nuclear instrumentation is an tonization 
































signal—such as the resistor shown. The 
nm collector and shell is subjected to the 
and the resulting leakage current gives a 
The guard ring of B eliminates this diffi- 


signal path. Moreover the considerable 








simulate the concentrations of emitters 
of delayed neutrons, and (4) a recorder 
reading the instantaneous value of the 
10 4 


reactivity (8). One can choose 4 


or 5 4 10 ° full scale 


Nonnuclear Measurements 


Ty pical of nonnuclear measurements 
are a monitor for the heavy-water level 
in a reactor and some glass-insulated 
thermocouples for monitoring reactor 
temperatures 

The level monitor has a platinum- 
tipped plumb bob hanging from a thin 
steel wire. The bob descends until it 


touches the water surface. Then an 
electronic circuit causes the drum hold- 
ing the suspending wire to reverse and 
withdraw the bob. The resulting oscil- 
lation has an amplitude of ~0.1 mm. 
Over-all accuracy is +0.5 mm, 


The thermocouples are copper-con- 


They 
The 


which 


stantan and silver-constantan 
have outputs of ~40 mv/°® C 
junctions are sealed in glass, 
provides good support in a high neu- 
flux. Total 

the glass insulation is ~2 
cold 
the 


cludes a thermostat-controlled heating 


diameter including 


The 
to 


tron 
5 mm 
back 


which in- 


junctions are brought 


measuring apparatus, 
resistance, 
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asma Reactor Promises 


A proposed reactor converts fission energy directly into electricity 


by causing ionized U**’ gas to interact with a magnetic field. 


Estimated operating conditions look extreme but not impossible 


" ‘ 2 tadiation Laboratory niverauly of California ermore. California 
By S. A. COLGATE Radiation Laboratory, t I . 
and R. a AAMODT Lo tlamos Scientifiu Laborator i, Universit j of ¢ tlifornia Los Llamos Neu Ve Two 


THE PRESENT DAY procedure for con scheme for making electricity directly conducting) fissionable gas do work 


verting nuclear energy into electri from the fission power 


power must have at some time stirred nuclear reactor 


rebellion in the heart of every designer With the hope of 


produced in a against a magnetic field. The work 
done against the field appears as elec- 


alleviating this trical energy in an external circuit. 


of power reactors sesides being un situation we have been rash enough to The dynamical motion of the plasma 


aesthetic and unimaginative the con put down one of our own personal day- hot gas) is so arranged that after each 


ventional arrangement of intermediat dreams on paper, Surprisingly enough interaction with the magnetic field the 


coolant circuits, heat exchangers and our rough design calculations show that plasma configuration is reshaped by 


turbogenerators is also cumbersome the scheme may prove to be technically solid walls so that magnetohydro- 


inefficient and expensive to build and _ feasible and possibly even economically dynamic instabilities cannot grow from 


maintain. No doubt an impressive feasible. We offer, 


number of man-hours have already been consideration the conceptual design of 
spent by people in the field daydream a reactor that converts the energy pro- 


then, for further cvcle to cvele. 


Basic Concept 


ing about schemes for converting nu duced in the fissionable material di- Basically the reactor is a long cylin- 


clear energy directly into electricity rectly into electrical energy. der of refractory material surrounded 


Some have gone past the imagination The proposed reactor is cylindrical at each end by a neutron reflector and 


stage; the atomic battery, a device that in shape and would contain the fission- moderator. The cylinder is filled with 


uses the energetic ions from a radio able material in gaseous form. The ai fissionable gas (say U*** or Pu***) 


active source to charge up a small temperature of the gas is high enough The amount of gas would be adjusted 


capacitor, is an example of a successful so that part of itisionized. Thedirect so that when it is uniformly distributed 


application, So far, however, no one conversion is accomplished by having the system is just below criticality. 


has advanced an economically practical the ionized (and therefore electrically Then any disturbance causing more 
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Tank 25' dia 


150 long 


* Cooling * 
circuit, in 


fl 








CONCEPTUAL DESIGN of fission-plasma reactor. 
chamber contains high temperature U*** gas at 1 atm pressure. 
comes critical when compressed at one end of cylinder. 


reaction 
Gas be- 
Resulting fission 


Cylindrical 


energy release creates shock wave driving gas to other end of cylinder 


where it is again compressed. 
fission energy at each end. 


mediately behind shock front is highly ionized. 


Thus gas oscillates back and forth releasing 
As shocked gas travels along tube gas im- 


lonized gas, or plasma, 


through interaction with magnetic field transfers part of energy released in 


fission pulse to external electrical circuit. 
duced in coil wrapped around cylinder. 


Energy appears as current in- 
Energy is stored in LC resonant 


circuit formed by coil and capacitor bank until drawn off to external load, 
Carbon liner acts as thermal shield to keep D.O temperature below boiling 


point. Reactor 
would be 500 Mw 


shown is minimum feasible size. 


Electrical power output 


irect Electric Power 


e material to be at one end of 


nder than the other will result 
iltiplication and heating of the 
ble gas in the critical end. If 
neutron-multiplication time is small 
ired with the time required for 
d to travel the width of the critical 
on, then the temperature of the fis- 
gas can increase by uh number 
before a large fraction of the 
f the gas has been expelled from 
tical end. Under these condi- 
hock phenomenon will appear. 
wk wave will travel from the 
ited or critical end down to the low- 
ty opposite end. On the way it 
through a magnetic field gen- 
current-carrying coil sur- 


g the middle of the cylinder (see 


shows the three regions 

up a typical shock wave. 

wk disturbance, or shock front, 
by very rapid heating of a 

if gas here called the ‘driving 
The shock 

its point of origin at some velocity 
The 


continues to expand and 


front travels away 


iter than the speed of sound. 


‘ 
hind at a velocity somewhat 


an that of the shock front 
then a disk-shaped region be- 


tween the shock front and the driving 
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gas that grows in length and travels at 
intermediate between the 


This 


a velocity 


other two region contains the 
the gas that has been 
swept up by the shock since it started 
Characteristically the shocked 


gas is hotter than the driving gas In 


“shocked gas 
out, 


the reactor this region of superheated 


gas will be sufficiently ionized to act 
like a conductor 
It is this disk-shaped conductor mov- 
shock that transfers 
magnetic field. When 


the disk of conducting gas enters the 


ing behind the 
energy to the 


magnetic field it experiences a retarding 
pressure equal to /?*/Smr dynes/cm?, 
where H is the magnetic field strength. * 
If the shock pressure is greater than the 
magnetic-field pressure, the conducting 
disk will be forced into the coil despite 
field When the disk 


moves past the center plane of the coil 


the magnetic 
it feels a reverse pressure from the mag- 


*In nductor 
magnetic field feels a fx 
it in the 
happens because edd 
in the conductor that generate a magnetic 


general a moving in a 
ree tending to push 
field. This 


currents are induced 


director of lower 


field which cancels out the external magnetic 
field within the conductor volume. (Mag- 
netic field lines cannot penetrate into an 
ideal conductor.) The 
eddy with the 
field 
field exerted a pressure H*/Sr dynes/cem 


nteraction of these 
currents original magneti« 


behaves exactly as if the magnetix 


, 
} 


netic field that tends to expel it from 
the field 

During its approach, since the 
to ita 


lorce 
on the disk is opposit motion, 
the disk work on the 
field kinetic 


transferred to the magnetic field 


magnetic 


does 
some of its energy 18 
rhe 
magnetic field passes this energy on to 
a resonant condenser bank attached to 
the coil (see figure As the energy is 
fed into the resonant circuit some of it 
can be drained off to do useful work, 
and some of it is returned to the disk 
through work done on the disk by the 
The 


work done on the disk when leaving is 


magnetic field as the disk leaves 


always less than that done by it when 
As a result the disk suffers a 
net loss in kinetic energy because of ita 


entering 
trip through the coil, The energy lost 
by the disk appears (except for some 
unavoidable losses) as useful work in 
the external circuit. 

The shock and gas flow continue be 
yond the coil into the opposite (so far 
The 
will continue until there is con- 


noncritical) end of the cylinder 
flow 
siderable compression in this end, At 
some point in the compression suffi 
cient fissionable material will be accu 
mulated to become critical, the plasma 
will be rapidly heated and a reverse 
shock will take place 


(more) 
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The therefore consists of a 
series of oscillating shock waves 
the alternate 


either end of a cylindrical 


cycle 
pro 
eriticalit ol 
tem \ 
magnetic coil oscillating with a 
kinetic 
shock. 


duced by 


con 


denser removes some of the 

energy of the gas flow behind the 
The coupling between the magnetic 
field and the gas comes from the ele 
trical conductivity of the extremely hot 


ionized gas, 


Design-Parameter Estimates 


To determine the engineering feasi 


bility of such a device estimates are 
needed for the following design parame- 
ters: the operating temperatures of the 
gas and the container walls, the physi 
linder 


cal dimensions of the reactor « 


the density of the gas, the total power 
output, the strength of the magnetic 
field, the frequency of the critical oscil 
lations, and the over-all power-plant 
The physics of the 


obviously 


efficiency. situ 


ation is quite complicated 


and involves these quantities in rela 


tionships that are not ea to describe 
In fact 


tempt to determine the ph 


mathematically 1 careful at 
if al vari 
ables of the system would be a very 
difficult’ task 
porting experimental investigation 


tart with a few 


and would require sup 


One can, however 


reasonable assumptions and use “order 


of-magnitude” arguments to obtain 


rough estimates of the interesting de 
This 
proach produced the results 
the table. The 


used to obtain thes 


sign parameters kind of ap 
hown in 
irgument 


will he 


physical 
number 
outlined later 

In deriving these estimates the fol 
lowing things were assumed 
eThe gas is uranium metal 
point 3,900° K) 


@ The gas is surrounded by 


boilir ZZ 


a eylindri 
cal graphite container 

@ The maximum heat flux through the 
graphite is 1 kw/em?’, and the inside 
wall temperature is 3,500° K 

@ The graphite is itself surrounded by 
a DO blanket that provide 


moderation and reflection 


neutron 

ind removes 

heat from the graphite 

@ The mechanical to electrical energy 

conversion is 70% efficient (does not 

include thermodynamic efficiency 
Although some of the 


quoted in the table are extrem 


numbers 
none 
appears to be complet« ly beyond reality 
Certainly the construction of a fission 
plasma device seems feasible « nough to 
deserve more thorough investigation 


Pros and Cons 


Compared with a conventional reac- 
tor a plasma reactor would have the 
following advantages: 

1. Since it is a low-pressure system 
and the supporting structure is at low 
temperature, the structural hazards are 
reduced, 

2. The the 


working gas so that no heat exchangers 


fissionable material is 
need handle the radioactive material. 
3. No prime turbine is needed al- 
though the same quantity of rotating 
electrical equipment will be used, 
4. Because the 
is at extremely low density, the prompt- 


fissionable material 
fission multiplication rate is low enough 
to allow mechanical control of power 
excursions. In addition it can be 
shown that the 
by shock compression 


the radiation rate increases above the 


criticality achieved 


decreases once 


operating condition so that the reac- 


tivity has a negative temperature 
coefficient above the normal operating 
temperature, 

5. Finally there is the distinct possi- 
bility that the effi- 
ciency can be raised up to 50%. This 


would be considerably higher than the 


thermodynamic 


efficiency of any conventional system 
The disadvantages are 
1. If U 


wall temperature of the reactor must be 


metal is used as the gas the 


very high, ~3,500° K The use of car- 


bon in this condition has not yet been 
ufficiently studied to determine feasi- 
bility, but other programs may develop 
the The dis 


technology required 


The Basic Idea behind the Direct 
Production of Electricity 


That electrical power is generated as 
a result of the interaction of the moving 
plasma with the coil-condenser oscillation 
can be understood in terms of the forced 
oscillation of a tuned electrical circuit. In 
this case the coil and condenser in parallel 
a tuned resonant tank circuit. (See 
figure.) The oscillation is forced by the 
interaction of the induced eddy currents in 
the conducting plasma with the currents in 
the main coil, The eddy currents in the 
moving plasma are induced because the 
plasma is a conductor moving in a mag- 


form 


netic field. Since the induced current in the 
plasma is in such a direction as to give a 
net retarding force on the plasma, the 
electrical oscillations in the 
tank circuit are “forced” to a greater am- 
plitude at the expense of the mechanical 
energy of the plasma motion. The con- 
sequent conversion of mechanical energy to 


coil-condenser 


Moti 


electrical energy of re t ose is 
the basis of electrical power generation. 





covery of a gaseous U compound that 
is stable at high temperatures would 
help this problem. 

2. The minimum theoretical size is 
This 
effort difficult, but the size is not beyond 


quite large. makes a research 


that of modern large power plants 


Estimating the Parameters 


The physical arguments used to de- 
rive the numbers shown in the table are 
ive 
estimates 


intended to order-of-magnitude 


design rather than precise 
values. 

Operating temperature. There is 
a good chance that UF’, will prove to be 
stable enough at high temperatures to 
be used as the gas. However, we will 
derive the operating temperature as- 
suming that the gas is uranium metal 


will then be 


minimum ambient temperature 
the boiling point of the 
3,900° K. The 


temperature is determined by the rate 


metal or maximum 
of thermal radiation from the gas to the 
walls, An 
that the gas will behave as a black body 
10% to 20%.* 
an engineering standpoint the 
maximum heat flux that a carbon wall 
might take is 104 
ing this much power is radiated to the 
wall, the black-body 


10% emissivity is then determined by 


approximate estimate is 


with an emissivity of 
From 
Assum- 


watts/cm*, 


temperature for 


5.7 &* 10°64 
0.1 10° w 


Radiated powel! 
em? 


i 6.500° K 


x 


0.56 ev) 


The carbon wall temperature can be 
about one half of this and yet maintain 
uranium-metal vapor at l-atm pressure 
The electrical 
conductivity of the heated gas is one 
of the 


Plasma conductivity. 
factors that determine the mini- 


* liven with a good neutron reflector the 


fi m mean tree path for neutron in the 


gas will not be more than 20 times the width 
of the 


wtive region If, as will be shown 


er, the fractional ionization is a few 


percent or greater, then the optical absorp- 
cross section of the gas will be of the 


order of 10 


tion 
times the thermal-fission cross 
path for 
will then be much shorter than the thickness 


ection The mean fre« photons 
f the gas so that the conditions for black- 
body satisfied The frac 

tional emissivity of 10° is due to the tem 


radiation are 


perature gradient near the gas surface 

An alternative approach is to calculate the 
ontinuum radi ation per unit volume of gas 
One finds 


t much greater total energy 


issuming the gas is transparent 
that this gives 
flux than that obtained from the black-body 
Since the 


never be greater than the black-body limit 


calculation radiation rate can 


the black-body calculation is then justified 
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mut 
If the 
than 10 


feasible radius for the cylinder. 
fractional ionization is higher 

the properties of the ionized 
rather than those of 
neutral gas determine the conduc- 


the plasma) 


The fractional ionization 
uranium gas at a temperature ol 
can be obtained by solving the 
juilibrium equation for a plasma 


the fractional ionization 


I Qe 
ve ( p) 6.18 4 log 9 
| r q) 


5 5,040) 
4 log fa 
2 i 


ionization potential of ura- 
nium in electron volts 


t.0 ey 


ratio of statistical weights 
state 


neutral state ly 


of ionized versus 


pressure in atmospheres 
K 


° 


temperature in 
6,500° K 


Putting in the numbers 


of | atm (which is a likely 


ives a fractional ionization 


Since this is large compared 
the conductivity can be esti- 

assuming the gas has the 
sof a plasma 


gives the electrical con- 


of a plasma in a magnetic- 


re gvion* 


em 


ohm 
‘ 


10 


500 26o0bhm~' em, 
related to the 
radius in that both influence 
trical the direct- 


Since the condue- 


K then @ 


conductivity is 


efficiency of 

process 
f the plasma is not infinite (not 
resistive losses 
eddy 


ia when it 


conductor 
ipany the currents set 
enters the 
These losses represent 
losses and therefore 


energ 


ock, or disk of ionized gas 
field coil, the induced 
rmal to the magnetic field so 


e magnetiu 


ld ippose that the electrical 
normal to a strong magnet 
lapply This 
e the electron scattering mean 
than the 
field, s« 


field-free conductivity applies 
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however, is not the 


will be much shorter 


radius in the magnet 


determine the efficiency of the conver- 
SiON process, 

The magnitude of the losses is re- 
lated to the distance the magnetic field 
This 
distance is known as the “‘ lectrical skin 
depth.”’ 
skin depth is zero; for finite conductiv- 


penetrates into the conductor. 


(For infinite conductivity the 


ity the skin depth increases with de- 

The electrical 
the ratio of the 
area of the magnetic-field penetration 
to the total area of 
rected for the fact that the magnetic 
field falls off as it penetrates into the 
plasma, 


creasing conductivity 
efficiency is roughly 


the plasma cor- 


For high electrical efficiency 
the skin depth must be small compared 
with the radius of the plasma 

Besides conductivity the skin depth 
also depends on how fast the plasma 
travels through the magnetic field 
much 


i.e., 
for the 
magnetic field to diffuse into the plasma. 


how time is available 
A rough estimate of this time would be 
the radius of the cylinder divided by 
the plasma velocity through the coil. 


The expression for skin depth is 


10%’ 


Sar (2 


10° Sar {2 
10°(r/u)" em 


where u plasma velocity in cm/sec 
r = radius cylinder in em 


t = time in seconds 





Order-of-Magnitude Design Figures 
for a Plasma Reactor 


Cylinder dimensions 
Radius* 
Length 
Maximum operating temperatures 
500° Kk 


13 ft 
150 ft 


(jas temperature 6 
Graphite wall 
temperature 
Cas density? atoms/cm? 
(a8 pressure 
Total electrical 
power generates 
Magnetic-field 
strength 
Velocity of ex 
panding gas 
Oscillation fre 
quency wut 20 evcles 
Thermodynam« 
efficiency 
Over-all power 
plant efficiency 


* Minimum theoretical value 
+ Air density at STP is 5 


em?’ 


10'* atome 





If we assume an electrical efficiency 
of 70% then the skin depth should be 
less than about 15°% of the radius, or 
ri) 0.15r. We have finally 


x 10’ (rou 
6.4 x 1 
Mu 


The last equation 
the 


Plasma velocity. 
shows that the dimension of ma- 


chine is smaller for a higher plasma 


velocity. One is tempted therefore to 


dilute the high molecular weight of 
uranium with an inert carrier gas of low 
to ine 


molecular weight (e.g., helium 


crease the gas velocity However, to 
have sufficient time for neutron multi- 
plication, the shock speed must be less 
than thermal-neutron velocity (2.2 
10° em This restricts the addi 


tion of low-molecular-weight diluents 


Bec). 


If the gas density in the critical end 
of the reactor is at least twice the aver- 
age density (as one would expect from 
the prior compression of the previous 
shock), then for a large, sudden change 
in temperature of the critical driving 
gas, 
proximately twice 


the plasma speed should be ap- 
* the speed of sound 
in the cold gas. 

The speed of sound in the driving gas 


is 


l “ 
Cp LS &k 10 ( ) cm see 
Vou 278 


V oe 
0 temperature in degrees K 


effective molecular weight 


Since the uranium is largely ionized 


the effective molecular weight is 


V ff 
and 


The estimated velocity the plasma 


is then 


u 2C'p 1.64 * 10° em/see 


For 70% electrical efficiency the mini- 


mum radius of the cylinder turns out to 


be 


10 
100 em 


Gas density. The density of the 


* In fact the limiting velocity for 
if if) 
ratio Ww ou or 

l 


‘ This holds 
shock is driven by an adiabatic 
of the driving gas 


preseure 


since Y= he because 


eazpan 





fissionable gas in the cylinder is a cru- 
cial design parameter. The 
must be adjusted so that th 


density 
fission 
energy is released in atime short enough 
to form a shock wave at the critical end 
This implies that the energy be gener 
ated within the time the fissionable gas 
takes to flow into and subsequently flow 
out of the critical end. The time for 
energy generation (t, will be of the 


order of twice the time for sound to 


travel the diameter of the linder, or 
tle SS 2D/u 10 

There are two possible neutroni 
can give rapid 


heating of the fi The 
most obvious is that the density of the 


modes of operation that 


ionable gas 


U**» gas be high enough so that when 
it is compressed in one end of the cylin 
der about two neutron-multiplication 
generations take place within 10°? se 
(i.e., the reciprocal period a = 200 

To achieve such a fast period the peal 
reactivity must be 3 to 6 times critical 
On the hand, after the shock 
leaves, the neutron flux must decay by 
a factor of 10 before the shoe! 
Otherwise the 


other 


returns 
neutron flux 


average 
will be continuously increasing 
ever, the gas density falls b 
of only 5 or 6 after the 

With such a high peak reactivity thi 
is not enough decrease density to 
give decay of the 


flux within the shock 


sufficient neutron 


return time The 


dual conditions of rapid heating and 


constant average neutron flux cannot 


be achieved by this mode of neutroni 


operation, 


second pos ible mode 


Proposed Experimental Program 

The design uncertainty most in need of 
experimental investigation is the effective 
electrical conductivity of the plasma. This 
has been estimated assuming an electron 
velocity distribution very close to thermal. 
High current density, large inelastic-colli- 
sion cross section and large nuclear loniza- 
tion are all effects that tend to cause elec- 
tron velocity distribution different from 
thermal. (Fortunately these effects are in 
the direction of higher conductivity or 
smaller minimum size for the reactor.) 

Unfortunately an experimental investiga- 
tion must be made on equipment close to 
the actual size, but this is not so big a 
problem as might be imagined. A shock 
tube, 1 meter in diameter, 6 meters long, 
operating at 1 atm maximum pressure with 
a magnetic field of 5,000 gauss at the mid- 
point would give complete answers not only 
on electrical conductivity but on electrical 
cycle efficiency, radiation cooling and ther- 
mal conductivity as well. 
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tronic operation is to arrange for the 
neutron flux to stay high and relatively 
constant in time within each reflecting 
end, In the region of the coil between 
the end, the neutron flux can be greatly 
reduced through leakage and absorp 


W hen the bulk ol the 
the high but 


tion in the wall. 
U 74 gas is in either end 
constant neutron flux heats it, rapidly 
creating a shock. The subsequent eX- 


pansion causes flow of the U*** gas out 
of this end but will not drag the neu- 
trons with it. Since the neutron scat- 
tering cross section in U**® is a 

total 
’ gas leaves, but 
The low- 


will of 


very 


small fraction of the reaction 
cross section, the U? 
behind. 


the neutrons stay 


density U*** gas left behind 
course see the same heat input per unit 
mass (the neutron flux is constant), but 
the temperature should fall rapidly be- 
cause of the large change in radiation 
opacity. Consequently the return 
hock sees low-temperature low-density 


ssed. 


It is not entirely clear that the con- 


gas that can be again compre 


stant-in-time neutron mode will sup- 


port an oscillating shock: however, a 
light oscillation of the neutron flux is 
ill that Is 


havior 


needed to ensure a shock be 


Therefore a combination of 
the two neutronic modes is proposed 
flux 
hould be approximately 1.5 to 1 (i. 

a = 40), 


steady power level can be achieved and 


The oscillation of the neutron 


which is low enough so that a 


also an attractively low-density [ 


gas can be used, 

The next step is to find what gas den- 
ity will give an a 10 in the com 
pression phase of the eycle 

that the 
The 


tion design envisioned sent 


First we will show neutron 


spectrum is thermal. construc 
figure) 18 
that of a cylindrical tank 8 meters in 
diameter whose walls are lined with 
graphite surrounded by a thick blanket 
of D,O moderator, The thickness of 
the graphite lining must be adjusted 
to maintain a temperature difference of 
3,200° K for a maximum heat input of 


lkw/em*, The high-temperature ther- 
mal conductivity of graphite is ~0.1 
cal/em?/° K/sec. Therefore, the thick- 


ness of graphite becomes 


0.1 & 3,200/D = 1,000/4,18 


D = 1.3 cm 
mean tree 


Since a thermal-neutron 


path in graphite is 2 em the neutrons 
that are returned by the D.O blanket 
will not come into thermal equilibrium 


with the graphite. Instead they will 


enter the reacting system in an essen- 
tially 


0.025-ev) 


room-temperature thermal 
(The 


temperature of the uranium itself does 


distribution high 
not affect the fission cross section be- 
cause the uranium velocity distribution 
is still slow relative to the thermal-neu- 
tron velocity 

If time taken for both the slowing 
neutrons and the 


down of the fission 


reflection of the thermal neutrons is 


neglected, a simple estimate of the I 
ras density can be made. Fora sphere 


tf meters in radius surrounded by an 


infinite D.O moderator, the return 
probability of a fission neutron is P, 

0.75. The additional loss due to ther- 
mal-neutron absorption and loss in the 
the cylinder can be 


a factor ie 0.9 


muddle region of 
ximated by 
vy = neutrons per fission of 


2.5 and 


91 


lo obtain an @ of 40 a thermal neutron 
must travel an effective multiplication 
mean free path in a time 1/a@ seconds 
The multiplication mean free path is 


the ibsorption mean free path in- 


creased by the factor 


po, 


elocity of 


Py 1) 
thermal neutron 
ye x 10 cm, 8ec 


1) 


density of I 


in particles cm 


6OS7 barns 6.87 &* 10°77? em? 


Chen the required density of fissionable 


p d.1 X 10 259 /em? 


With this density the 


mean tree path is | po. 2.8 x 


absorption 
108 em 
Since the cylinder diameter is only 800 
cm a thermal neutron will make on the 
average five traversals of the reacting 
volume before it is absorbed in the gas 
The albedo of the reflector for thermal 
neutrons is approximately 98% (i.e., 
permitting 50 reflections before absorp- 
tion in the moderator The neutron 
economy is then good enough to afford 
considerable thermal absorption near 
the midregion of the coil, thus giving 
the required reduction in neutron den- 
sity between the coils. 

Cylinder length. The length of the 
cylinder must be great enough so that 
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k has a sufficient length in 
form and also long enough 80 
neutron absorption at the coil 
not reduce the reactivity. 
ength six times the diameter 
ength of three diameters at 
| before the shock reaches the 
also places the coil far enough 
ends so that the fractional 
flux reaching the coil is small. 
a crude 


Power output. To obtain 


t te of the power output assume 
of the time the shock is 


rk against the magnetic field. 


tenth 


area velocity 


100)*9r & 1.6 & 


10° kw 


acceptable power rating but 

large in view of the fact that 

s predicated on a minimum 

Gas cooling rate. To maintain the 
the shocked gas must cool 
a factor of one half during 
shock takes to 
m the coil to the sofar non- 


| The take 


radiation since thermal con- 


the residual 


cooling will 


negligible.) The magnetic 
the shock 
one-half so that the time for 


reduce velocity 


2/(1.6 


1()*) 
3 xX 10 


2 sec 


ked gas disk will be about 


thick so that the area and 


107 joules 


half of the work done by 


pressure will appear as 
of the gas flow and one 
The heat content 
therefore 0.04 
total. 


small compared with the 


ontent 
Kked gas 18 
or & X 10° joules 
radiated, as cal- 
conclude that the 


ool rapidly enough to meet 


at could be 


Hove we 


ments of the design. 
lent that the radiation rate 
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this value 
The cooling rate can be adjusted by: 


different 


may not be optimum at 


1. Operating at a slightly 
temperature 

2. Using a different radius and den- 
sity. 


3. Changing the 


length with other 
parameters fixed 
Magnetic-field strength. 


netic field must be strong enough to re- 


The miag- 


duce the shock speed by about one half. 
Since the kinetic energy is proportional 
to the velocity 
75% of the kinetic energy of fluid flow.) 


squared, this removes 
The value of the magnetic field must be 
such as to give a pressure roughly equal 


to the driving pressure of 0.4 atm, or 


{ x 10 11? /Sar 
H 3,170 gauss 


That the 


plasma actually transfers energy to the 


External-circuit behavior. 


external resonant circuit can be shown 


by applving ordinary circuit theory 
The coil in the figure is shown schemati 
cally in with a 


bank, 


would be a synchronous motor, but the 


resonance capacitor 


In practice the capacitor bank 
principal of power generation is the 
same. 

can be 


shock 
ing conductor that 


The oscillating wave 
thought of as a mo 
periodically changes the inductance of 


the coil. The capacitor voltage is 


d 
Li 
dt 
where both L and J (cur 
rent) are periodic functions of the time 


inductances 


Fora capacitance 


_, 
| ldt 
C e 


d\ 
al 


Differentiating above and substituting 


If we let z LI 


d J J 
dt LC 


Since the parameter L is a periodic func- 
tion of time, the above equation is the 
Hill-Mathieu type 


theorem, has the following solution: 


which, by Floquet’s 


Zz aye" pit 7 ¢ “?pP 


where a, and a, are constant coefficients 


and p(t) is a periodic function in time 
The coeflicient of the exponential is not 
determined, but the positive exponent 
term describes the case in which power 
is fed into the coil-condenser system 
For this solution z becomes a 1M riodic, 
exponentially increasing term, Since 


r Li and L Is 


function, then / is an unbounded peri 


nu bounded pt niodic 


odie function In practice the oscilla 
tions of J increase until the power dissi 
pated into an external load becomes 
equal to the power input 
System efficiency. The 


efficiency of the cycle is entirely deter 


electrical 


mined by the resistive diffusion of the 
The 
electric losses in the rest of the system 


magnetic field into the plasma 


should be negligible be AuUSse large aIZe 
the @ of 


the coil-condenser system can be made 


conductors can be used (i.e 
large). The diffusion lossin the plasma 
per cyte le is the ratio of resistive loss to 
the This is 
roughly flux 
penetration to total area of the plasma 


mechanical work done 


the ratio of the area of 
corrected for the fact that the magnetic 
field that diffuses at the outside radius 
is stronger than the average field For 
this reason a 15%-of-radius field pene 
tration will probably give a 70% effi 
cient electrical cycle 

The thermodynamic eflicieney can be 
approximated in the strong-shock limit 
by observing that one half the energy 
of expansion goes into thermal shock 
half into 

If the 
magnetic field slows up the fluid flow 
half, it the 
energy, or 37% of the total 
Radiation cool 


ing will account for an additional 20% 


heating (irreversible) and on 


kinetic energy of fluid motion 


removes 40% ol 


by one 
kinetic 


energy of expansion 


loss so that a probable thermodynamic 
of 30% likels This 
results in over-all plant efficiency of 


20% 


efficiency seems 
The electrical efficiency can be 


improved by going to a larger size 


can be 


the 


The thermodynamic efficiency 


improved slightly by changing 


effective y of the gas with diluents 
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Refabricotion oreo 
Reprocessing 
oreo 


Maintenan 
air lock a | 


Decontamination 
cell 


Operating galiery 
Cosk loading 4 adi 
cell 


cr 


Subossembly ‘ 
from reactor Offices 


\ Tronster 
tunnel 


FIG. 1. Artist's concept of pyrometallurgy plant for reprocessing spent fuel from fast breeder reactor. Refabrication 
and reprocessing creas are at top with transfer tunnel from reactor at left. In center is plant operating gallery. At 
bottom are offices 


DESIGN AND COST ESTIMATE FOR A 


Pyrometallurgical 
Reprocessing Plant 


A pyrometallurgical reprocessing plant, using the oxide-slagging method, 
can handle 18,000 kg/yr of enriched uranium alloy at $79/kg. Thehighly 
radioactive product requires remote refabrication. Certain modifications 


should lead to lower costs 


By LOUIS BASEL* PYROMETALLURGY may be the means using inorganic extraction or reaction 
Atomic Power Development Is » ome for economically reprocessing the en- media to effect the desired separations. 
Detroit, Michigan riched fuel of fast breeder reactors Since inorganic materials are highly 
and Che processing-plant concept presented stable under irradiation, the decay 
JOSEPH KOSLOV here (Fig. 1) was developed as an ad- time of three to four months required 
Vitro Corporation of America junet to the Enrico Fermi nuclear before contacting with radiation-sensi- 
New York, New York power plant tive organic solvents can be reduced to 


, Pyrometallurgical (PM) processes a few days, drastically reducing inven- 
* On loan from United Engineer . u | I 
atructors, Inc., Philadelphia, Pa 
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treat fuel in the molten metallic state tory charges. PM processes also allow 





handling fuel in larger batches since 
aqueous moderators are avoided. 

The major disadvantage of most PM 
processes is their incomplete removal of 
fission products from the reprocessed 
this 
iportant for fast reactors because 


Fortunately, factor is not 
tor " 
of their high tolerance for fission-prod- 
uct buildup in the fuel. However, the 
| radioactivity is so intense that 
cation must be done remotely 
s no remote fabrication being 
out today at such high activity 
and it is anticipated that this 
PM 


the use of re- 


on will be costly. Since 

ng necessitates 
fabrication, the cost of both oper- 
to determine 


How- 


processing is treated in 


ust be known 
Tue ]-¢ Vi le 


the 


economics, 


ere 


Design Basis 
The 


lowing items present the basis 


the pyrometallurgy 


design 


Oxide slagging 
Core segments con- 
sisting of IS fuel 
plates, 30.5 x 
0.040 in 
20 subassemblies 
week, or 18,000 kg 
vr of fuel alloy 


2.48 


Two days after re- 


moval from reactor 
600 ft from reactor 
dis 


PM 


plant under molten 


Subassemblies 


issembled in 


sodium 


Oxide Slagging 
The oxide 
oped at 


which 


National 


slagging process 


Argonne 


The Story Behind This Design 


Atomic Power Development Associates (APDA) has been working for the past few 
years on the design and development of the Enrico Fermi fast breeder reactor, which 


is expected to begin operation in late 1960. 


Early in the study, development of an efficient fuel-reprocessing cycle was recognized 


as an important cost factor 


characterized by having a high throughput of moderately enriched fuel. 


This is expecially true in fast reactors because they are 


This affects 


conventional aqueous reprocessing costs in two ways: 


1. The normal decay time of 3-4 months requires that large amounts of valuable 
fuel be tied up in storage with a resultant high inventory charge. 


2. Low-capacity plants 


with high costs must be used for enriched fuels because 


aqueous solutions are well moderated and small equipment must be used to prevent 


the attainment of criticality. 


As part of the basis for fuel- and power-cost estimates, APDA sponsored several 


refabrication*® and 
fluoride-volatitity 


fuel-reprocessing studies. 
and pyrometallurgical (PM) processes. 


The short-cooled-aqueous, 


PM study, which was 


latter were 
The 


conducted by Vitro Corp., is the subject of this article. 


The Vitro PM study was intended to give APDA a picture of what such a plant, 


with its high activity, remote handling, and shielding, may look like. 
utilize a different pyrometallurgical process but one that 


that the final plant will 
requires similar handling. 


refabrication study 
and Science Conference 


* The results of the 
1957 Nuclear Engineering 


Laboratory and Atomics International 
was assumed in this study 

Figure 2 shows a slagging crucible 
The distribution shown is only approxi- 
mate since most of the fission products 
are not completely transferred to any 
With the 


tribution coefficients 


one phase use of actual dis 
the concentration 
buildup of the various fission products 
as a function of the number of cycles of 
irradiation and reprocessing was deter 
mined and is shown in Fig. 3 
the 
alter just a 
The 
fis- 


The concentrations of most of 


fission products level out 


cycles to rather low values 
the 


like 


few 
concentrations of noble-metal 
ruthenium 
build 
early during 20 cycles when a 5 
limit 


sion produc ts 


molybdenum however up lin 


% fuel 


purge is assumed to further 
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FIG. 2 
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Oxide-slagging process (parentheses indicate negligible concentrations) 


conducted by 


It is possible 


Vitro Corp, were presented at the March 


buildup, This metal purge is sent to 
an aqueous reprocessing plant for fuel 
recovery and complete removal of all 
fission products 

The 
tained would have approximately 1.7 
Pu, 1.6 wt % Ru, 2.3 Vo 
and 94.4 wt % I 

Very little is known about the effects 
of Pu and Ru on irradiation stability 


“equilibrium” alloy thus ob- 


cy, t 
wt wt % 


and fabricability of uranium alloys 


Molybdenum, however, has been used 
as an alloying agent with good results 
in concentrations of about 9% It was, 
therefore, assumed that the equilibrium 
for refabri- 


alloy would be satisfactory 


cation and reirradiation. 


Plant Facilities 

The PM plant is connected to the re- 
actor shipping facility by a 600-ft tun- 
nel and contains process and fabrication 
cells, air locks (including maintenance, 
and 


decontamination cask-loading 


cells), a “cold” equipment gallery, an 
“hot “cold” 
offices The 
plant flow sheet is shown in Fig. 4 
Building. The 
structed of reinforced concrete through- 
ofiset to 


operating gallery and 


laboratories and an aren 


building is cone 


out with expansion joints 


maintain necessary shielding. Heavy 
remotely controlled shielding doors are 
of high-density, barytes-aggregate con- 
The 
mastic coating, 

The 


cell is a monolithic concrets 


crete, roof is surfaced with a 


reprocessing and refabrication 


structure 
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shielded by 6 ft of 
sides and overhead 


thick, 


reprocessing from tl 


and a 1-ft in 
An argon atmospher constant] 
maintained in the ce 

tenance air lock 

The 


lined with steel, with 


reprocessing 
mnaer 
positive argon pre 
steel 


imintained te 
tween the concrete The 
only connections between the cell 

facilitie 


electrical and instruments, are the floor 


outside other than piping 


j 


opening for transferring fuel element 


between the tunnel and the cell (thi 
port has a sealing cover and tie 
for purging), the door betwee 
and air lock, and a pneum 
transierring 
the hot laborator 

Cell pressure will be maintaines 
the addition of fresh argon Ambient 
cell temperature will be maintained at 
~200° F by 
through a cooling tem co 
two blowers, a filter, co 
unit \ 


stream is taken off just af 


sample 


recirculating 


moval monitore¢ 


and vented to the stack far 

vides suction on the ce 
The ventilated cor 

shielded del 

from the 


mits 
elements 
transfer of small 
decontamination a 
A system of three 
movement ol 
blankets 


miscellancou 


equipm 
element se 
items tha 
fer to or from the cell 
Operations performed 
tunnel and air locks are d 
an operating galler vitl 
ied Irom 


SWPp 
below the 


ess Operations contro! 
instrument panel, An 
work permit) area i 
ating gallery The 


prince. 


ment housed in the SWP 
pumps and surge tank 
(Nak) and the second 
ant systems 

A conventional 
to the reprocessing faci 
provided to analyze the 
samples from the refabri 
The major piece of equips 
ble-diffraction spectrog 
tometer for making 
quantitative analyses of 
Isotopes and fission prod 
ties for routine laborator 


been provided ina cold 
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FIG. 3. Pu and fission-product buildup 
Fission products with similar chemical 
and ‘or physical properties are grouped 
together. Basis for graph: 1% total 
burnup per cycle, 5% metal purge to 
recovery plant every cycle after the 


20th 


Instrumentation and control. Th 


nstrument systems and component 
have been kept as simple as possible to 
conform with the criteria of flexibility 
reliability, safety, remote operation and 
economy and have been selected from 
tandard commercially available types 

Process operations are controlled and 
monitored from a control pane | located 
in the operating gallery 

seta- and gamma-radiation monitor 
ng is provided on process lines that 
exit from the cell Alpha monitoring 

continuous air sampling is provided 
for all SWP areas The 
tion and controls for the furnaces and 


Nak coolant 


to each other 


trumenta 
their associated system 
are separat and identical 

Electrical system. Because of the 
inaccessible nature of thi plant in 


electrical stem with maximum reli 
ibility and minimum maintenance wa 
\Mlotors are of the totally en 


Class H 


insulation and remote starting and con 


used 


fan-cooled type with 


closed 


trol equipment. To minimize radi 


ation damage on electrical insulation 


all wiring in the “‘hot”’ area is metallic 


heathed cable insulated with silicone 


ulation 


impregnate d mica or minera 


\lotors 


ire wired by 


ind heaters in t 


means 0 onnectors 


ind jumpers, which can be removed 


ind installed b the manipulator. 
The furnace work coils, as well as the 
pouring coil,”’ consist of two identical 
elec- 


tubular coils connected in paralle| 


trically but in hydraulically to 


series 
prevent the coolant from short-circuit- 
ng the coil 
Cell viewing. About 85% of the 
cell is visible from the three shielding 
windows. This coverage is postulated 
on the use of built-up glass windows 
using 3.3 density, nonbrowning, cerium- 
thick 
th 8 in. of 6.2-density 
the outside 
Cell 
periscopes or by television cameras in- 
side the 
able 


stabilized glass 40 in together 


lead glass on 
operations are monitored by 
cell with receivers located on 

consoles in the operating 


iller 


NaK coolant systems. Nak (22 wt 


SS wt % potassium alloy 


® sodium 
it liquid metal at room te mperature 
melting point is 66° F) and has a rea- 
sonably low vapor pressure at the oper- 
ating temperatures used in this facility 
Besides having good thermal properties 
Nak is easily pumped, not corrosive 


relatively stable and, in general, com- 


patible with nuclear materials. * 
Nak cooling systems have been em- 
ed in this facility as an intermediate 
means of heat exchange between cool- 
ing water and heat from (a) the three 


lurnace induction coils, b Mmssion- 


off-gas systems 


ind (c) the heat gain of the 


product decay the 
argon cell 
itmospher 

The 
orage rack and the slagging furnace 


activities 100 


Special shielding. element 


‘ gamma times 
greater than other radiation sources 1n 
Therefore 


the cell to reduce damage 


to materials in the ee these areas have 
il steel shielding to reduce the level 
10°-10° r/ wk in most of the cell area 

minimizes the special shielding re- 
lired for uch materials as yaskets 


tric motors, ol bearings, etc.7 


materials, Move- 
inh the 


Movement of 


1! 


ot all y 


processing 


materia 


not handled b in integral part of 


iw line s effected by either 


the processil 


because 


and cher 


as to the 
equired to 
ment to beco 
1 range 
shold damage t 
und 10° is I J damage 


coated wire 
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This is the material balance at various points. . . 





Basis: 72 lb Irradiated Fuel Alloy (Two Subassemblies 


heet point 


ched uraniun 
ble fission gases 

boiling |} P 
xidizable F.P 
le-metal FP 
itonium 


3.76 | 67 


10.00) 10.00 





... in the pyrometallurgical reprocessing plant 





Sodium 


scrubber 


| Blanket to 
aqueous plont 


| 
{ = ——- 
, {- | 
| Irradiated 

subassemblies 


Core -bianket 
separation 


Core 

















200-ft stack 


Fission-gas 
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Compressor 


To waste disposal 





condenser 


Gas -removal t 
° 


Sodium moke up 
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is ane \ 
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Fuel ingot 8) 
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to aqueous 
plant | 
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it 








FIG. 4. Pyrometallurgical reprocessing flowsheet. Irradiated 
subassemblies are transferred from reactor in containers filled with 
sodium to remove fission-product decay heat. Under sodium, 
subassembly is withdrawn from horizontal pot and disassembled, 
Fuel plates are transferred in perforated basket “) to gas- 
removal furnace (furnace consists of tantalum crucible with bottom 
outlet and cover that is sealed by argon pressure). Plates are 
melted and sodium and low-boiling fission products volatilized by 
induction heating coil. 


to scrubber-condenser through electrically 
Recirculated sodium at 400° F dissolves 
low-boiling fission products; sodium is recycled 4% through filter 
and cooler; portion of sodium is purged periodically “) and 
replaced from makeup 45. Noble fission gases, which are not 
condensed, are compressed (0 into 12 cylinders for 12-week decay 
and periodic discharge to atmosphere (1)). 
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Off-gases pass 
heated vent system. 


Metal discharged from gas-removal furnace (3) is held in 
oxidation furnace at 2,400° F for 4 hr. Furnace consists of oxide- 
coated (e.g., alumina) graphite crucible; lining forms slag on melt 
surface with oxidizable nonvolatile fission products. After bottom- 
pouring processed metal into ladle, slag adheres to crucible walls 
as film retaining about 5% of metal. One crucible treats about 
10 batches; crucible containing accumulated dross is shipped G 
to aqueous processing facilities for uranium recovery. 


Processed metal from oxidation furnace is transferred to 
remelt furnace where it is mixed with enriched-uranium makeup 
‘ Reconstituted metal is cast into ingots and transferred ( 
for remote refabrication. Remelt furnace is also available for 
remelting recycled fabrication scrap. 


Since noble-metal fission products are not removed in PM 
process, 5% of reprocessed metal is sent (6) to aqueous reprocess- 
ing for removal of these contaminants. 
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TABLE 1—Estimated PM-Plant Con- 
struction Costs 


Site preparation 14,000 


Site improvement 76,000 
Tunnel 648,000 
Reprocessing building 108.000 
equipment 117,000 
Piping, electrical, heating 

ventilating, ete 156,000 
Stack %4 O00 
Air-compressor building ),000 
Maintenance shop 126.000 
Purging of cell with argon 12.000 


Total construction cost * , 277.000 


* Including fringe benefit 
eral contractor 
spares, contingerne 





crane or manipulator In addition, a 
ded for routine 
lock 


Transfer of large equipment out of the 
{Mt} 


monorail hoist is pro 


operations performed in the ai 


process cell is through the maintenance 
air lock, 


ments, 


embli blanket ey 


steel 


Suba 
scrap used erucibles and 
transterred 
floor of the 


ith the tunnel 


other small item ure 
through the port in th 
process cell connecting 
Material is moved through the tunnel 


by means of an electrical transfer cirt 


Cost Estimate 


The cost estimate for the PM plant 


was prepared from vendors’ quotes on 


standard equipment and estimates of 
nonstandard items such as the decan 
transfer cart and induc 

A detailed cost 


of building 


ning machine 
tion furnaces breal 
down was made tructure 


piping; electrical, heating, and venti 


luting systems; instrumentation: eté 


The 
1056. 

Table | 
struction costs for the PM plant 
that the tunnel cost alon 
If the PM plant can be located adjacent 
to the reactor building, thi 


estimate wa made in Januar 


show the estimated con 
Note 


SH48_ 000 


amount can 
be reduced appreciably, 
Approximately $1,150,000 of — the 
$3,277,000 
facilities used jointly by the 


construction ost 1 lol 
reproce 
ing and refabrication facilities 

full cost of these shared facilities was 
included in the construction costs of 
w the 


deseribed 


the reprocessing plant to sho truc 
estimated cost of the facilities 
However, part of the cost of the joint 
facilities should be allocated to the re 


fabrication plant which was estimated 
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In & separate economic and design study 


Startup costs, which are not in- 
cluded 


operator training period plus a 6-month 


would provide for a 6-month 

startup period and would add approxi 

mately $440,000 to the capital cost 
Table 2 timated 


costs 


shows e annual 


Room for Improvement 
Many 


tions must be 


technical and economic ques 
answered before such a 
PM plant can be constructed 

The oxide-slagging process has been 
proved on a kilogram laboratory scal 
No difficulty is anticipated in obtaining 
removal 


related 
volatile 


the desired fission-product 


However, a number of opel 


ations, e.g., sodium removal 


fission product collection, mechanical 


decanning, et have not been tested 
and require study to determine opti 
mum methods of operation 

It was initially assumed that furnace 
heated by 
avoid having hydrogenous materials ih 
Nak is 


Since the cool 


costly, 


would be induction. To 


the process cell used fis the 
induction-coil coolant 
ant systems are comple x and 


resistance heating might be more 
economical 


Another that 
shift operation would be used to reduc 


assumption was two 


Secause of 


the capital investment 
high operating costs, the total annual 
costs might be less with one-shift ope! 
ation and a slightly bigger plant. In 
this connection, preliminary estimate 
indicate that a substantial increase in 
capacity could be realized with a small 
increase in capital cost 

that 


prom CSN ad 


It was also assumed initially 


blanket uranium could be 


more economically in off-site aqueous 


facilities and should not be handled in 


the PM plant. Recent studies indicate 





TABLE 2-—Estimated Annual Costs 


Operating costs 

Direct cost 

$280,000 
75,000 
16,000 


Personne! 
(Chemicals 
Utilities 
Materials 
50,000 
22,000 


Maintenance 
Uperating 
$444,000 
Indirect cost* $165,000 
S608,000 
Fixed charges 
total constructior 810.000 


$1,427,000 


870 kg total U 


Total annual costs 
Unit processing cost 
iterials and overhead for ad- 


first aid, fire 
of direct cost with 


* Labor, n 
ration, health physics 
tection, et 





that blanket material might be 
essed by magnesium extraction In an 
enlarged PM facilit 


in total 


proc- 


without too great 
an increase costs 

Other problems that were not com- 
pletely resolved by this study are 
crucible materials; dross-metal separa- 
tion radioactive-decay 


heat 


magnitude ol 
effect of radiation on materials; 


cell-gas purification; and safety con- 


iderations, such as disposal ot wastes 
and type of ce ll liner for containment. 


The 
must be 


s¢ and several les 


studied 


important points 


and economic com- 


parisons made before a final design can 


be determined 
* * 


The authora wiah to acknou 
thle aaa 
Development 1s 


irgonr 
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Atomic Powe 


Engineering 


stance of personnel al 
sOCLALER Vitro 
Vational Laboratory 
fiomic Power 
pho aponsored this 


thlish this pape 


Campany and 
They are 


Development A 


also grateful to 
sociales 


jor permission to p 
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Did you miss... 


the EBWR foldout in the July Nucleonics? 
of a series of comprehensive descriptions of ‘‘reactors on 
Here (facing page) is another on the APPR. 


Coming in future issues are ORR, SRE, PWR. 


All will be available as reprints for $0.25 each, in addition 
to being perforated in the magazine for easy removal. 


This was the first 
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tear along perforation 


This foldout is removable 





Output—heat: 
electrical: 


Location: 
Design concept: 

Prime contractor: 
Architect-engineer: 

Major equipment suppliers: 





Fort Belvoir, Virginia 
Oak Ridge National Laboratory (ORNL) 
ALCO Products, Incorporated 
Stone and Webster 

ALCO (pressure vessel, control rod drives, pressurizer, 


steam generator 
Bethlehem Steel (containment shell) 
General Electric (steam turbine-generator) 
Lummus (condenser 
Minneapolis-Honey well (controls 


ORNL (fuel elements, control rods 
April 15, 1957 


On line: 
10,000 kw 
2,005 kw 


Component Design Data 


Pressure vessel 


Height: 
Inside diameter: 
Wall thickness: 
Composition: 
Cladding 
material: 
thickness: 
Design pressure: 
Test pressure: 


Core 


Configuration 
Sin 
Fuel 
Burnable poison 
Composition 
HA): 
to 
By 
SS: 


Control rods 
Configuration: 
Number 
Composition: 
tod worth: 
Absorber length 
Follower length: 
Follower material: 
Weight: 
Withdrawal rate 


scram time 


13.5 ft 
i ft 
975 


5 in. 
carbon steel 


stainless steel (3041, 
0.250 in 

1,600 psia 

2,400 psia 


modified rectangle 
22.0 K 20.4 &K 20.4 in 
22.5 kg U2 

21.1 gm BY 


79.22 vol % 
1.79 vol % 
0.04 vol % 
18.95 vol “% 


square tube 


‘ 
B,C-Fe 
24.5% 
26.5 in 
24.5 in 
UO, 

72 Ib 

3 in. /min 
0.53 sec 


Ak /k 


Control rod drives 


Type 

Number 

Power requirement 
Motor rating: 
Position indicator 


mecuracy 


Fuel elements 


Type: 
Number 
enrichment: 


Plates per element: 


Meat dimensions: 
Meat composition 
La 
By 
se: 
Cladding: 
Plate temp. avg 
max: 


rack and pinion 


: 440 veo 


', hp, 1,175 rpm 


+ 0.0512 


plate 
bs 
93.2 % 


18 


22.0 *% 2.50 K 0.02 in, 


22.88 wt % 
0.12 wt % 
77.0 wt % 
304L SS 
~400° Ff 
550° F 





‘Nuclear Design Data 


Moderator 


Ty pe 


Avg neutron 
energy 


Thermal-neutron 


flux avg 
mins 
Prompt-neutron 
lifetime: 
Eff. delayed-neu 
tron traction 
Overall temp 
coefhicient 
Pressure coefficient 
Endurance 


light water 


O17 ev 


B.4 10? n/om? /see 


é x 
1.0 XK 10! n/em?/see 
2 xX 10 ® see 


0.0075 


2.3 X 10°*/° 
~3 & 10 */ pei 


18,1640 FPH 


Control requirement 


Burnup 
compensation 
Peak xenon 
overric 
Equilibrium 
samarium 
Other fission 
products: 
Temperature 
coefficient 
Total control 
available 


0.5% Ak/h 


1.6% Sk/I 
Bo, Ak/h 
15.4% Ak/I 


Heat Transfer Data 


Coolant 

Type: 

Total volume 

Volume in core 

Flow: 

Temp rature 
inlet 
outlet 

Operating pressure 

Pressure drop 
reactor 
core 

Core channel! 

velocity 


Heat flux 


Max/avg ratio 
axial 
radial 

Core — average 


maxinuMm 


light water 


2,247 liters 


110.89 liters 
1,000 gpm 


31° PF 
io k 
200) pain 


3.15 peta 


1.75 pein 


2.5-5.6 fps 


2.49 


1.384 
55,900 Btu/he/ft? 
215,800 Btu/hr /ft? 
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REACTOR FILE...NO.2 


APPR on the Line 


ti April & ay ! ‘ t t we tha 1.000 Niwh being pro 
power on April ) Juring iced Several measurements were made during 
t ( : » 20, the reactor reached it the test, and the reactor demonstrated that it 
i l f el of 10 Mw heat) during low ] iM idequatel wled b thermal convectio! 
rimance tests Final testing event of los nar coolant flow 
PP f ‘ 700-hr test witl re \ y the significant characteristics of APPR 
t i nh time permitted | test t ye out of the 700-hr test was its response to 
2 and completed Ju Z ith a emand the t t of the reactor ex 
tot f n Shr, most of wi ent eed expectatio As a further indication 
nt or recalibration nt t erformance, on July 9 the reactor was taken 
oud to stat load, resynchronized and 
) t the ,OO-lr test, elects t ‘ to fu oad five times withi n hour and 
e y the desig tput 
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Description of APPR 


The first Army Package Power Reactor (APPR-1) 
is & pressurized water reactor using fully enriched 
uranium as fuel It is the prototype of a plant 
suitable for generating electrical power at advanced 
bases of our nation’s defense network, The princi 
pal advantage of a nuclear power plant for this ap 
plication les in the elimination of all but a small 
fraction of the logistical effort required to support 
a conventional power plant. 

The word package in the name does not mean that 
it is portable in the sense that, once it is set up, it 
can be dismantled and transported to a new site 
It only means that, after fabrication, each compo 
nent can be packaged in boxes no more than 7 ft 
square by IS ft long and weighing no more than 10 
tons to be flown to the advanced base (where the 


APPR can be assembled in six months or less) 


Pressure Vessel and Shield Tank 


The pressure vessel is a eylinder with ellipsoidal 
heads fabricated from SA 212 (grade VK) carbon 
steel and clad on the inside with stainless steel, An 
extension is welded to the lower head to enclose the 
rack and pinion of the control rod drive mecha 
nisin Phe extension isan tS-in. id. evlinder 3 ft 
long and I'y in, thiek 

A dish-shaped cover 2% in. thick is secured by 
16 studs to a reinforeing ring that is welded to the 
circular opening in the upper head of the pressure 
vessel Phe closure employs a soft stainless steel 
octagonal-shaped gasket %4 in, wicte 

Surrounding the pressure vessel, from the rein 
forcing ring down and around the extension, is a 
‘vein, steel shell, Between the shell and the vessel 
wall is doin. of glass wool insulation The vessel 
and shell are supported by means of a ring resting 
on another ring around the 2-in. thick portion of 
the inner shield tank wall, The space between the 
shell and the inner tank wall is void 

Phe outer shield tank wall is 6.7 ft in diameter 
16.8 ft high and Q.4 in, thick. The inner wall is 
2.66 (tin diameter, Between the inner and outer 
walls are seven concentric steel cylinders most of 
which are 0 ft high and all of which are 2 in, thick, 
The cylinders are separated by a 1-in, water gap 
bringing the total radial thickness of this gamma 
shielding to 23 in Neutron shielding is provided 
by the remaining water-filled spaces between the 
inner and outer tank walls, 

Above the pressure veasel cover is a removable 
iron disk 2 in. thick Between the cover and this 
disk is 4-in. of glass wool insulation Above the 
disk, in the well formed by the inner tank wall, isa 


-(t column of water 


Core and Support Structure 

The reactor core structure consists essentially ot 
a lower-grid-plate assembly, skirt and upper grid 
plate Phe function of the grid plates is to position 


the fuel rods and guide the control rods in the core 
The upper grid is removable. After the fuel rods 
have been loaded into the core, the upper grid plats 
is bolted to the lower-grid-plate assembly through 
studs rising from the four corners of the lower 
assembls This action compresses the springs 
around the top of the fuel rods 

The core support structure is bolted to brackets 
on the vessel wall just above the coolant inlet 
and outlet nozzles. The support structure serves 
the triple purpose of (a) supporting the core struc 
ture, (b) providing a thermal shield, and (¢) provid 
ing a baffle to direct the flow of incoming coolant 
to the bottom of the pressure vessel (the outlet noz 


zle pierces the support structure) 


Control Rods and Drives 


The control rod “basket” is a stainless steel 
aquare tube 6049 in. long. Openings are provided 
at the lower and upper ¢ nds of the basket to permit 
coolant to flow through the rod. Inside the basket 


are the absorber and follower sections The ab 


sorber section is a square tube fabricated of Ba 
(enriched in B'°) and stainless steel powders by th 
picture-frame technique. The follower section 


contains 16 fuel plate 

The control rods are supported laterally at thi 
upper end by sliding through the upper grid plate 
of the core structure and at the lower end by the 
pinion and roller of the control rod drive mecha- 
nism. <A drive shaft extends from the pinion out 
through the wall of the pressure vessel extension 
and connects, through a magnetie clutch, to a gear 
motor A labyrinth seal, consisting of a series of 
floating rings around the shaft, provides a small 
controlled amount of leakage from the pressur 
vessel extension 

The reactivity of the reactor is increased when 
the control rods are raised such that the absorber 
section in the upper portion of the rod is “ pushed 
out of the core by the follower (fuel) section. The 
reactor is scrammed by de-energizing the magneti: 
clutch, allowing the absorber section to fall back 


into the core 


Fuel Rods 

The plate-type fuel rods used in APPR-1 con 
tuin rectangular plates fabricated of UO. Bal 
(enriched in B ind stainless steel powders by 
the picture-frame technique. The small amount 
of burnable poison (ByC) increases the reactor’s 
endurance. The plate is clad all over with stain 
less stecl, bringing its dimensions to 23 in. long 
2.76 in. wide, and 0.03 in. thick 


contains 18 such plates; two stain 


Keach fuel ro 
less steel side plates 27 in. long, 2.863 in, wide 
0.05 in. thick: and two stainless steel end boxes 
The fuel and side plates are brazed together with a 


nominal water gap of 0.133 in. between them, and 





the end boxes are attached by fusion welding. The 


metal-to-water ratio of the fuel rod is 0.256 


Vapor Container 


The vapor container is a 36-ft diameter, 64-ft 
high cylinder with hemispherical heads, Tie cen- 
ter cylindrical section is constructed of 7,-in. steel 
plate and the heads of ‘'y-in. steel plate. This 
steel shell is lined on the inside with a 2-ft thick 
laver of concrete that is covered with a No. 10 gage 
steel liner. The lower head is completely below 
yround level, thus permitting the reactor to be con- 
structed with the pressure vessel (and core) entirely 
below ground level 

The manhole (6.58-ft i.d.) in the top of the vapor 
container, through which the equipment entered 
during construction, 1s seal-welded around i gas 
keted and bolted 2!4-in. thick cover. The manhok 
at ground level is 9 ft long and 4.5 ft in diameter 
It has gasketed and bolted 2'o-in. covers at either 
end and is completely filled with water during reac 
tor operation 

To reduce the internal pressure and container 
wall temperature gradient that would result from 
an accidental rupture of any of the components in 
the vapor container, two water-spray nozzles are 
located inside the tip of the shell dome. In the 
event of such an accident, water would be sprayed 
into all parts of the shell to condense any steam 
that was released 

The major components in the vapor container 
other than the reactor, are the pressurizer, primary 
coolant circulating pumps, and the steam generator 

Pressurizer. The |,200-psia operating pressure 
of the primary system is maintained by two 50-kw 
immersion heaters housed in a pressurizer com 
prised of a sphere 45 in. in diameter mounted on a 
eylinder 16 in. in diameter and 54 in. long. The 
pressurizer is designed to absorb fluctuations in the 
primary coolant volume resulting from temperature 
changes due to load changes 

Circulating pumps. Primary coolant is circu- 
lated through the loop at a rate of 4,000 gpm by on 
of two centrifugal canned rotor pumps with 2s-ft 
operating heads. The standby pump is automati 
cally started in the event of an electrical failure in 
the operating pump. Both pumps are fabricated 
primarily of stainless steel. 

Steam generator. The steam generator is of 
the vertical, double-pass, U-tube type. The tubes 
partition, shrouds, and baffle are fabricated of typ 
104 stainless steel; the shell, tube sheet, and nozzles 
of SA 212 carbon steel clad with 304 stainless 
There are two bundles of tubes, one, the steam 
yenerating section, consisting of 326 tubes and the 
other, the superheater section, consisting of 44 
tubes. The outside diameter of all tubes is 44 in 
and the wall thickness is 0.062 in. The total effec- 
tive heat-transfer surface of the generating section 
is 836 ft?, and that of the superheater section is 194 
ft Steam (407° F, 200 psia) is generated at the 
rate of 34,270 lb/hr from 250° F, 35-psia feedwater 


containing excess hvdrogen to deter corrosion 
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Section A-A Labyrinth seal 
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of reactor vessel permits removal of vessel cover for refueling without necessity of 


Also, primary coolant system need not be depressurized and 


Cap cannot be installed on rod unless follower and 
Lower end of rod (where rack 
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Sectioned views of control rod. 
absorber sections have been installed properly. 
and rod are joined) is piston in dashpot of drive-mechanism mounting 
gages pinion in pressure vessel extension{¥ 
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ANS Meeting Highlights 





The American Nuclear Society 
Meets and Talks .. . 


a mainstay of technical 
The 


i forum for discussion of new 


riINGsS ure 
munication formal sessions 
provide 
ideas and further progress in the imple- 
mentation of old ones But of equal 
mportance at least are the opportuni- 
nformal discussion with others 
field. This‘ 
constraints of public discus- 

s to the heart of the matter 
don’t get it.” 


corridor talk,’’ free 


liscussion: ‘‘I 


‘We tried the same thing vears ago and 
work “Tt won't work | 
It just won’t work” 


it didn't 
don't know why 
. Can be said a lot 


more readily 


when the group consists of four instead 
of four hundred 

Nuclear people proved no exception 
to the that 
found in the corridors than in listening 
to the papers when the American Nu 


met in Pittsburgh for its 


rule more people ean be 


clear Society 


. - - Inthe Corridors .. . 


IT WOULD BE THIS BIG.” 


Va., 





WHICH SESSION YOU GOING TO?" seems 
to occupy Ed Mason, Raymond Brown and 
Carl Leyse as they pause before ANS sign- 
Brown is with General Electric Co.; 


post 
internuclear Co., 


remaining 
Clayton, Mo. 


two are with 
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Milton Edlund, who heads up physics 
and mathematics activities for Babcock and Wilcox in Lynchburg, 
shows Jack Ransohoff of Washington, D. C. and Walter 
Walker of U. of Va. how small propulsion reactor would be if 
nature conformed to wishes of aeronautical designers 


“ENERGIA NUCLEARE’ 


Ancarani of Italy's AGIP WNucleare 


bilities in the Con Ed project 


“HOW'S THAT NOW?" 
tory (right) makes note on conversation with M. F. Valerino, B. C. 
Cerutti, and H. V. Lichtenberger, all of General Nuclear Engineer 
ing Corp., Dunedin, Florida. 

the ANS meeting in Pittsburgh 


“NUCLEAR EN- 


ERGY.” Oceans are bridged as Augusto 
(left) 


listens to Ralph Deuster, Babcock and Wilcox 
Co. nuclear systems specialist with responsi- 


which 


third annual meeting June 10-12 
was no reflection on the sessions 
were excellent (see pp. 62-67 for high 
lights), rather it reflec 


desire to talk to old friends 


ted the insatiabl 
collect new 


rumors and, maybe, a new job 


NUCLEONK caught 


photographer 


some of the corridor talk in progress 
lor those not fortunate enough to have 
there this 


some ol the 


been themsel ve wi hienp 


conveys pirit 


Len Koch of Argonne National Labora 


Koch was on program committee for 


“IT ISN'T EASY.” Sample in hand, 
Art Matheson, Manager of Metals 
and Controls Corp.'s nuclear divi- 
sion, explains fuel-element-fabrica 
tion problems to J. N. Grace of 
Westinghouse, Bettis Field 


. . »« While in the Technical Sessions .. . 
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What’s New in the Nuclear Field? .. . 


© K. A. McCollom, D. R 
and J, B. Tompson; Phillip 
Co., Atomic Energy Divi 
Falls, Idaho. A direct my 
the amplitude of an 
with that of a 
source that has 


intreates 
pulse from the 
heen atter uater 
then amplified back to the 
has been used as the ba of 
tremely accurate tool for test ng amp 
fier stability and is now being prop 
for use in stabilizing amplifiers to bett 
than O.OLY 

A block diagram ol the 
plifier (right) reveals tha 
pulse and the attenuate 
fied pulse pass throug! 
cuits wherever possibl 
circuits do not need to ha 


like the 


achieved 


same stabilit 
Note that bot! 
pass through a threshold 
that 
from 


criminator) subtract 


voltage each pulse 


through an expander amplifi 
amplifies the remainder 
lightens the requirement 
amplitude-comparing di 
put is used to adjust the 
amplifier 

A gate is provided to 
stabilization pulse 
amplifier output 


e J. B. Knighton, H 
Burris, Jr.and A.A 
Vational Laborator 
Laboratory-scale 

that 
nium in 


fractional crystallization of 


zinc provides @ prom 
pyrometallurgical proce for applic 
tion to (a) decontamination of sper 
reactor fuels, and (b) concentration 
procedures for zirconiul lranium rue 
Fractional crystallization nvolve 
taking advantage of the difference 
solubility of uranium and other « 


ments in zine. Typical of the pro 
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. . « Ultrastable Amplifiers 





ve attenuator 





| = 
ULTRASTABLE AMPLIFIER block diagram. 


attenuator and amplifier, reference pulse to delay line 
bined in adder, decreased by fixed amount in discriminator and remainders amplified 
Shorted-delay-line subtractor with delay half that used above then 
Gate samples differences, which 


J 


Pulser output is split; test pulse goes to 
Two pulses are then com- 


in expander. 
subtracts reflected test pulse from reference pulse 
are integrated to provide corrective signal for amplifier gain 

kpanding are done 
both sets of 
differ the 


In the amplifier-comparator applica riminating, and ¢ 


tion the working principle ire simi by the same circuits for 


ul \ pulser and mercury switch are p The next stage 


irranged to send alternate pulse ‘ of pulse ire separated by a 


through an attenuator and the amplifies hronous switch and fed to separate 


inder test or around it for reference eading voltmeters { compari- 


Urposes As in the ultrastable tmp thei outputs Is a direct indica 


fier the ucceeding steps ol idding, dis ol amplifier stability. 


. . « Zine Pyrometaliurgical Processing 


‘ that might be evolved is that Io demonstrate the basic feasibility 


hown at the right top, next page It of the 
significant that the compound UZny made of the s i ol 


method measurements were 


individual 


vhich plays an important role in the fission elements in zine and in uranium 


U-Zn phase diagram and hence in this ystems Ruthenium, molybde 


pyrometallurgical process nonpyro barium and cesium are less solu 


ind oxidation-resistant at room blein zine than uranium while rhodium 
Also it can be 
and Zn by 


permitting the recovery of | 


phork 


temperature decom zirconium and palladium are more solu 
posed to [| 


O44" C 


heating above Die Such single-element studies do 


not tell the whole story, however 


be ha vi 


high differently and minor components may 


since 


he use of zine as a solvent is favored nulticomponent systems may 


Dy its low cost availability In 


purity, adequate volatility and non coprecipitate as the major component 


crystallizes. 
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toxic nature 





Reduction of U. Another significant 
ise of zine in nuclear metallurgy may 

ilt from the fact that it has been 
reduce various U 


nds with Mg in a Zn solvent. 


l possible to 


reactions are 
2Mgeg+9Zn 


} Me 9 Zn 
2Mg¢ 9 Zn 


2MgO + UZnyg 
3 MgO + UZng 
2MgF, + UZng 

in be subsequently recovered 
lution by the decomposition of 
The 


lity of reducing uranium com- 


UZny previously mentioned. 
yunds in liquid-metal media has im- 
ortant implications in pyrometallurgi- 
fuels; | 


processing irradi- 


processing of nuclear 
Irom slags 
de fuel, 


lee d materials, 


and preparation of 


J. Beaver, W. C. Thurber and 
Waugh; Metallurgy Division, Oak 
Vational Laboratory; Oak Ridge 
e The limitation to 20% en 
nt of fuel supplied for research 
the I S. Atoms-for- 


in has signifi ant consequent CS 


under 


etallurgy of fuel thus supplied 
MTR-type fuel 
nt employing 93%-enriched | 

ide of 


~18 wt &% I 


i fi domestic 
aluminum alloy con 
exportable ele 
ust have about 48 wt J U to 
ip for the lower enrichment per- 

The 


ilts in decreased ductility 


increased U concentra- 
and 
quent fabrication problems 

ORNL 


etallurgy division at 


DELAY WHEELS for simulating time spent 
by circulating fuel in external circuit use 
charge between 


capacitors to carry 


amplifiers 
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PYROPROCESSING WITH 
ZINC. Spent reactor fuel is 
taken into solution in Zn at 
700° C, cooling to 500° C 
crystallizes UZny but leaves 
fission products in solution to 
large extent because of their 
high solubility and / or low con- 
centration. Filtration sepa- 
rates UZn, crystals from which 
U can be recovered by heat- 
ing to 945° C 
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. . » U Alloys for Exportable Fuel Elements 


has an extensive program devoted to 
development of suitable fuel materials 
plate-type 


for exportable aluminum 


fuel elements lwo approae hes show 
the 


of Si to improve 


addition of small amounts 
workability the 


promise 
and 
use of powder metallurgical technique 8 
wt % ol 


to incorporate ~50 uranium 


oxides in aluminum 
The Si-modified alloy is based on the 


,3 wt * 


observation that 2-3 of Si com 


pletely suppress the transformation of 
UAI, to UAl,, thu 
nucleating compound UAI, to be re 


stable 


illowing the prim iry 


tained as the phase down to 


room temperature Casting in graph 
ite molds wis ho long r trouble d by hot 
Fabrica 


tears and uneven grain size 


the 


ter hnique showed a drastic decrease in 


tion runs using “ picture-frame”’ 
the number of edge cracks and led to 


successful attempts at bare rolling 
which is impossible with the unmodified 
alloy. 

The powder-metallurgi: al studies are 
not as far along but already it has been 
established that Uy Ox, 


calcining UOyH.O can be incorporated 


prepared by 


into an aluminum matrix in more than 
adequate weight percentages. Volume 
increase, even after 160 hr at 600° C, is 
only 0.35% 


the other hand exhibit 


UO.-powder samples on 
a sO% 
part of a gen- 
Lo 


volume 
change after only 24 hr 
that 


eral pattern makes seem 


unsuitable 


. . « Simulation of Circulating-Fuel Reactors 


{fomic Power 


Klectric 


J The odore 
Lh pt 
Pittsburgh 


re pre 


Gognial 
Westinghou ( Corp 
Pa Phe 
entatior lor 
NI 
nh the 


tor to 


usual electrical 
the kinetic 
May °57 


ease of a 


analog 
behavior ola reactor 


p. 76) must be modified 


circulating-fuel rea account for 
the fact that sor dela 


with the 


ed-neutron 
fuel 
lead 
neutrons in the 
the 
the 


precursors are swe] out 
some ol the pres ‘ will decay 


ing to the emission 


external loop iwa Irom core 


while others will complete entire 


le before deca, 


ing Inany 
taken of these 


external cy 
account just be 


the Sitti 


event 


effects in ulation of reactor 


kinetics 


A key problem in the simulation is 
how to re present the time delay Cone 
that serves the 
the left 


rotating 


device purpose well is 
Capacitors are 


so that 


shown at 
mounted on a wheel 
they are first brought in contact with 
the output of one amplifier and, a cer 
tain time later, placed between the 
input and output of a second ampli 
fier. Thus the 
on the 

vided by 


wheel 


information is stored 
delay in pro 


of the 


capacitor while 


the finite transit time 


Similar delay wheels are used to ae 


count for mass-transport delays in 


temperature effects as the coolant goes 


from reactor to boiler and back 
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ORNL Proposes Molten Salt Reactor 


A homogeneous power reactor using U and Th dissolved in molten salt 


promises excellent thermal efficiency at low operating pressures 


if the problem of high-temperature-salt corrosion can be solved 


A NEW KIND of power 


fuel dissolved in molten 
was the subject of a spe 
sented by a series of speaker 
Ridge National Laborator 
Alvin Weinberg 
This is the first release of Oak Ridge 
field sit Wemberg 
disclosure in May (NU, June ‘57, 20 
that the Laboratory had built and oper 
ated an experimental 2.5-Mw reactor 
of this kind as a part of the Aircraft 
Nuclear Propulsion effort Weinberg 


laborator hires 


knowledge in this 


started the session with a discussion of 
the merits of the fluoride reactor as a 
power reactor Hi 
thres 
summarized the information 
Aircraft Reactor | 
G. A, Christy design and 
tion, W. F 
Cottrell 
Weinberg suggested that a 
eul design, like the ARI 
circulating-fuel 


commercial 
followed by more speaker 
ibout the 
periment ites 
construc 
Mergen ph ind W.B 
operation 

eominer 
vould be a 
type using a molten 
solution of fluoride salts an 

would therefore be ver 

Liquid Metal Fuel Reactor now 
development at Brookhavyve 

molten salt, however 
vantages over the U-B 
LMER Namely it ¢ 
concentrations of | 
solve thorium compound 
is insoluble in Bi On the 
the molten salt has a hig 
point (1,000° F) than B 
LMFR the salt 


corrosion and mass-transl 


Oak Ridge Backs Liquid Fuel 


Weinberg 
ORNL’s faith in the economir 
of liquid-fuel 


reactor 


began b reaflirming 
promi { 
power reactor Phi 
feeling is reflected in the Laborato: 

current program for civilian power 


which is devoted almost entirely to the 
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“pueou homoge neous reactor concept 


In fact the Oak Ridge attempt is pres 


ently the world’s foremost effort in the 


field of liquid-fuel reactors 

Although Weinberg feel 
WqQueou tem is still er 
said that it has three 


that the 
much ith 
the running, he 
main drawback 

i. Like 
must 


all aqueous power reactors it 


operate at a high pressure for 
na modest thermal efficiency 
b. No thorium compound that could 
used in practice is soluble in water 
the blanket of the two-region Wucou 
homogeneous reactor is a slurt 


c. The 


iter into hy 


racholyti decompo ition ol 


drogen ind oxygen l ill 
intrinsic hazard requiring elaborate di 


posal equipment 


Fluoride Salt’s Advantages 


The LMFR approach of using the 
U-14i eutectic eliminates the first and 
third problems but still 


uffers from Th 





Fiuid level 


bearing 
salt 











SALT REACTOR design for commercial 
power application. Two region con- 
verter uses molten core salt (70%, Li’F, 
30°, BeF.) to provide neutron modera 
tion and to carry U**’F, fuel. Blanket 
is solution of ThF, in LiF. Both core 
and blanket solutions are circulated to 
external heat exchangers to remove 
total of 600 Mw thermal power 


insolubility In searching for an alter 


native approach, R. C. Briant first sug 
gested that molten-fluoride fuels would 
olve all thre Molten 
fluorides of the alkali metals, beryllium 

dissolve either UF, or 


or zirconium 
Phy, do not require high pressure and 


complaints 


do not decompose under radiation 
The compositions and properties of the 
most interesting fluorides are listed in 
the table 

In addition to the three specific ad- 
intages cited above, the fluoride salts 
Their 
neutron absorption cross sections are 


small As can be 
from the table their heat-transfer prop 


have other attractive features 


onveniently seen 


erties are roughly the same as those of 
vater. The 
ilts compared with that of water is 
thei 
In addition to hav 


higher viscosity of the 


offset by superior conductivity 
ing good solubility 
ind Th there is the possibility as 
et untested) that the fluoride salts 
ill also be able to dissolve practical 
mounts of plutonium 


All of these Wein 


berg to express the feeling that the idea 


advantages led 


of using molten fluorides does not repre 
variation on the LMFR 


but opens the way to a completely new 


ent merely a 
family of reactors In his own words 

the fused-salt 
iade the 


reactors can be 
basis ota whole new class o! 
each of which include 


reactors may 


numerous embodiments.” 


Fluoride-Salt Drawbacks 


Although the fluorides appear per 


lect In many respects Weinberg was 
careful to point out that there is also a 
debit side First of all the salt reactor 
ill circulating-fuel reactors, is faced 

ith the problems of guaranteeing leak- 
tightness and providing for component 
these it shares 


maintenance sesides 


vith LMI R the proble ms of container 
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Physical Properties of Various Salt Mixtures 


Melting Density 

point 

Salt Ga (g/em* 
Nak, 40° 

UF, 

Fr, 16 BeFs, 

rhF,, 1% UF, 

Lal 30.5% Bek 


Zrk ,, 


at 700° Cc 


Vis- 


cosity at 


The rmal 
Condu 
Heat 


( apa ily 


700° ¢ tivity 
Prandtl’ s 


\ “ mber 


(cenli- 


poses cal/q ( 


OO14S 





corrosion, high fuel inventory, and high 
coolant-melting point. 
As with the LMFR, difficulties with 
on and mass transfer may prove 
stumbling block for 
ARE did not oper- 


g enough to prove anything one 


t major 


systems 


vay or the other about this question 
During its lifetime the system logged 
i total ol 
1 200° | 


162 hours of operation at 
or above. Clearly this span 
ndurance is trivial compared to the 
imes (20-30 yrs) required of com- 
ercial power reactors 
Oak Ridge has undoubtedly run salt 
test 
s transfer as part of the supporting 
effort for the ARE project. 
bly the choice of an all-Inconel pri- 
stem for the ARE is a reflection 
results of such tests. The de- 
of any knowledge Oak Ridge has 


however, 


oops to material corrosion and 
ith 


Presum- 


accumulated on this subject 


disclosed. Weinberg 


have et to be 
illuded to this knowledge when he 


| 
oni 


immed up the corrosion picture: 
our considerable experience with 
suggests that 


tractable 


tems strongly 


corrosion problem Is 


use the moderating 
lt are inferior to those of DO, the 


properties 
reactor, requires a higher concen- 
in solution than the aque- 
ou wctor As 
efficiency the power output per kilo- 


a result the material 
gram of fuel inventory—is rather low. 
This di 

s resulting from the higher thermal 


idvantage tends to reduce the 
of the salt systems 

the high melting point of the 
1,000° F) creates 


il problems and can present a 


ilts (about 


hazard Provisions must be 


or preheating the primary sys- 
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tem above the melting point and for 
transfering the molten salt to and from 
While it is in the reactor 
the salt must at all times be kept above 
If it should freeze 


the 


the reactor 


the melting point 


at any point in primary system 
serious consequences could result, * 

W einberg suggested that the success 
the ARE 


has shown that a system using the high 


ful operating experience of 


melting-point salt can at least be run 
The question remains as to whether or 
not the extra design complications im- 
posed by the high melting point would 
commercial 


be too much for a power 


reactor. 


Possible Applications 


After looking at the over-all pros and 
cons, Weinberg reviewed the prospects 
for fluoride salt in various reactor ap- 
First he 


ingle the high-tem- 


plications pointed out that 
from the economic 
perature liquid-fuel reactor is ideally 
suited as a straight | burner. Since 
the thermal efficiency 


are no full fabrication costs 


is high and there 
one could 
expect operating fuel costs as low as 
2-3 mills/kwh 


soluble in fluoride, the 


If Pu turns out to be 
reactor would 
make an equally good Pu burner 
Likewise the salt reactor looks good 
as a U**-Th breeder. Because of the 
poorer nuclear properties of the fluo 
rides the bre« ding ratio would be Borie 
a DA) system 


what smaller than for 


* bor 
eg accidental 
the salt 


example uppose for some reason 


reduction in pumping 
the heut 


running nut 


power) hould freeze in 
while the reactor is 


if the fr ctor i 


exchanger 


power Kiven crammed 


immediatel beca of " estriction in 


flow the reactor down from 


afterheat Kven mit st meltdown 
could be frozen 


e 
rove impossible 


avoided thawing out the 


heat exchanger without rupturing som 
p 


the tubes would ver 


However ORNL calculations indicate 
the breeding ratio of the salt system 
will still be pretty close to unity 

For fast reactors salt does not look 
promising A fluoride system is out 
of the question because it is too good a 
Chlorides 


this objection but would have to be 


moderator would satisfy 


free of the neutron-absorbing Cl’ ’ 


Proposed Design 


Oak Ridge has been busy inventing 
salt for 
power application, A group 
H (Gi, MacPherson has made 
A drawing of 


reactor designs commercial 
under 
the most 
exhaustive effort so far 
their proposed reactor is shown in the 
figure It will be a two-region homo 
core 6 ft in 
2-ft-thick 


mixture of 


geneous system with a 
diameter surrounded by a 
blanket. The core salt, a 
70% LiF and 30% Bel 

the moderator In addition to | I, 
also contain some Th, The 


the eutectic of Li’F and 


will act as 


it may 
blanket will be 
Th, or mixtures of this and the basi 
The 
core material is 867° | 
the blanket 

The core and blanket salts are 


heat ex 


melting 
ind 1.080° F for 


core salt point ol th 


eireu 
lated to external intermediats 
changers, six in paralle | for the core and 
blanket An 


sodium) 


two in parallel for the 
intermediate fluid (probably 
carries the heat from these exchangers 
to the water boilers, superheaters, and 
The 
total power of 600 Mw (ata power den 
187 em), A 1,200° 1 
fuel outlet temperature produce 
at 1,000° I 
net power output of 240 Mw 


reheaters core is designed for a 


sity ofl watts 
steam 


and 1,800 psi and gives a 


When the fission-product concentra 
salt 


the core mixture becomes 
the 
even-numbered 
volatility 


with ire ah) 


tion of 


too high unburned uranium (in 


cluding the isotopes) 
is separated out by the prov 
ess and returned to the core 
salt. The blanket would be processed 
by the method to the 
l? which will be fed into the core as 
The blanket salt, unlike 


would be 


Biatine remove 
makeup fuel 
the core salt reused 
The simplicity of the fuel eycle is 
ORNL currently 
volatility 
this 


plant and assuming $17/gm for lt it 


easy on fuel costs 
operates a pilot plant for the 
cost figure a for 


process I sity 


1% mventory charge and an SOY load 
factor, the proposed reactor would have 
a fuel cost of 2.5 mille/kwh Plans for 
reactor are 


building the proposed salt 


at the moment indefinit 
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ANS Meeting Highlights 





Moderator Control Extends Burnup 


Shim control in water reactors can be achieved by diluting D.O with H.O. 


This strategy markedly increases fuel burnup and flattens core power density. 


A D:O reprocessing plant is required but its cost does not appear unreasonable 


A NEW METHOD of shin higher burnup without lowering th 
water moderated reactor 

by M. C, Edlund and G 
both from the Atomi 
of Babeock and Wilcox 


to compensate for the reactivit 


onversion ratio and give 
distribution in the 
diluted 


a more unl 


rorm core 


power 


lonergy The cost of repurifying the 


o The propose heavy water appears to be 
for a practical size power 
moderated 
hie i 
Vater a 


Che change i h 


CAUSES & hil 


due to burnup in a water 


power reactor by diluting the Burnup vs. Conversion 


reactors with conventional 


faced with 


water moderator with light Power 


the fuel is consumed m control are i dilemna 


moderator composition in trying simultaneously to obtain high 


in the neutron spectrum, making it burnup and high conversion ratio, To 


more thermal Neutron original iwhieve high burnup the core must be 


captured by the breeding material in loaded at startup with a large amount 
fuel 


the positive reactivity ol 


entional 
this ex 


region are then free ts Ol CXCeSsSs In CONN 
uel 


with the conventional method of shim ce 


the resonance ren 


cause fissions in the Compared tor 


fuel is cancelled out by the pres 


ibsorl rod 


the fuel 


control (withdrawing neutron neutron absorbing shim 


ing rods), the new method allows mur slowly withdrawn a 


burns However the neutrons ab- 


orbed in the shim rods are wasted as 
far as the conversion ratio is concerned 
A reactor loaded with a 


i will have 


small excess 


a higher average con- 


ersion ratio during its lifetime than a 
reactor loaded with a large excess mass 


hus the economic goals of high fuel 


burnup and high conversion are mutu 


ally exclusive for power reactors having 


ordinary shim control 


Obviously the answer to this situ- 


ition 1s to find some way ol providing 


him control by absorbing the excess 
material rather 


The 


proposed by 


neutrons in the fertile 


than in a control rod poison 
pectral shift reactor 
Mdlund and Rhode 


this feat The 


performs precisely 


reactor would be of the 





Testing Reactor Enclosure Tightness 


Like MOST reactors the Boiling ind BWR 


Water Reactor recently constructed b enclosure leakage 
Klectric Co. at the Va 
Laborator 


power problem proved that the 


was negligible 
the General 


lecitos Atomic housed | 


Temperature Difficulties 
an airtight steel containme: 
glance measuring the leakage 


\t first 
of the shell required the el to lose a of the 


insure safety the desigt 
yould eem to 


deter 


reactor container 


maximum of 1% of it ed pre ‘ nvolve only a straight-forward 
(45 psig) 


through leakags 


within i mination of the variation of the abso 


the container over a 
Phe 
the fact 


After © shel ul lute pressure in 
been installed and sa epted situation com 


that the 
irks 15 to 


period of time 


contractor, the reactor oper ifions wero ) prune ited by imbient 


was faced with the problem of temperature normally 


four hours at the 
striking the 


out if the vessel leakage f 10° I within twenty 
this limit Phe main ¢ ult ti With 
kin of the 


below the sun stee! 


was that daily temperature vessel. even greater tem 


cause changes in absolute pre perature variations could be expected 
enough to conceal any pre ‘ clube nside the ve el 
to leaks. D. L. Layton and learly the 


myer, both from the Va ‘ | ire 


changes in absolute pro 


ecnused by these temperature 


Laboratory of the Genera fluctuations would completely mask a 


reported on how the ) (| I 1% pressure change due to leakag 
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ential 


Che problem was solved by observing 


pressure difference between the 


a system ol airtight drums 
the 


el and 
ontained inside the vessel 
ol the 


Since 
erature ir in the drums is 

ery nearly the same as that of 
bir in the the pressure 


wwe is not affected by the 


contamel 
daily 
ind can be used 


verature changes 


to make an accurate determination ol 


the container leakage rat 


A water 


monitor the 


used to 
(ome 


manometer was 


leakage rate leg of 


the manometer was connected to the 


pressure vessel and the other was con- 


nected to a tank system within the ves 
ided ai very 
differ 


Cone 


The manometer proy 


itive indication of pressure 


between the two stems 


pound per square in h corre sponded to 
27.67 inches differential on the manom 


ter At the 
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beginning of the test the 





the water 
serving as both moderator and coolant. 
\t startup the moderator is about 85% 
DO and 15% HO. 


figuration of the system is adjusted so 


ressurized water variety, 


The nuclear con- 
that under this condition the positive 
re ity of the excess fuel is offset 
capture in the fertile 
iteria As the 


because ol 


onance 
excess reactivity 


fuel burnup 


decreases 


fission product formation, the 
onance capture of the fertile mate- 
orrespondingly reduced by dilut- 

the heavy water still further with 
vater. This comes about because 
he superior slowing down power of 
water compared with heavy 

As the light 


d the 


water is intro- 


neutrons slow down more 

to thermal energies so that they 
ess chance to be captured in the 
ince region by the fertile mate- 
In this 


dderator with light water gives 


way gradual dilution of 


t shim control at all points during 
fetime of the core and at the same 
excellent neutron 


provides 


n additional advantage of the spec- 


hift shim control is that the local 
ver density kept uniform 


rhout 


can be 
the coré In the conven- 
reactor the motion of the shim 


necessarily causes changes in the 


flux pattern. Thus at best the power 
can be made flat for only one position 
of the rods. At all other positions the 
power density will necessarily be non- 
uniform, In the spe ctral shift reactor, 
however, the neutron flux pattern will 
to first remain un- 
Thus 


this reactor can be designed to run at a 


approximation 
changed during the core lifetime. 
uniform density at alli 


more power 


times. Since usually more power can 
be extracted from a given size core if 
the power density is more uniform, this 
is another economic advantage for the 


spectral shift reactor. 


Fuel Cycle Calculations 


Edlund and Rhode summarized the 


results of lifetime reactivity studies 
made for a hypothetical spectral-shift- 
The fuel 
was assumed to be an oxide contained 
fuel 
were made for the | 
U8 and the Th-l 


calculations showed 


pressurized-water-reactor 


rods. Calculations 
}238_[J235 the Th- 

systems. The 
that fuel 


equivalent to as much as 50% excess 


in Zirealoy 2 


CXCCRS 


reactivity can be accommodated by the 
spectral shift system. This greatly ex- 
tends the limits on fuel burnup imposed 
by reactivity loss in water reactors 
For instance it was found that a Th-U*** 


reactor using a straight DO moderator 


and conventional shim control could 
reach burnup of 16,000 Mwd/ton while 
the spectral shift scheme gave a burnup 
of 42,000 Mwd/ton. A_ burnup of 
28,000 Mwd/ton and an average con- 
version ratio of 0.63 were achieved by 
a spectral-shift reactor burning U***- 
U***, (Reeyling the Pu would give 
34,000 Mwd/ton.) The Th-U*"* com- 
bination is expected to give even higher 
burnups for equally good conversion 
ratios, 


D,O Distillation Plant 


The one drawback to the spectral 
shift that the reactor plant 
would have to 
purifying the heavy water that was 
This 


job would most likely be done by a 


idea is 
have some means of 


diluted during the reactor run, 


small distillation plant located on the 
site that would reconcentrate the D,O 
from the primary cooling circuit as 


arises as to whether the cost of oper- 


needed, question immediately 
ating such a plant might not cancel out 
all of the economic advantages dis- 


Edlund and Rhode find 
Calculations 


cussed above. 
that this is not the case 
for a hypothetical 500 Mw power plant 
show that the distillation plant would 
cost only $1.5 million to build and 
$150,000 per year to operate 





ystems were at the same pressure 
nce they were connected by the empty 
manometer. After water was placed 


n the manometer, any difference in 


pressure due to leaks in the reactor con- 
ment vessel would be indicated by 
i differential between the heights of 


the two water legs of the manometer. 


Test Arrangement 
Heavy 


the tank sy 


gasoline drums were used for 


stem. Their walls were 


thick enough not to bulge under the 
pressure differential yet thin enough to 
respond rapidly to temperature changes 


© that the corresponding pressure 


changes 


would be quickly equalized on 
The bar- 


both legs of the manometer. 
suspended by a steel cable in 


reis were 
the center of the vessel. 

Che pressure line from the drums was 
d inside 


1 as the pressure line from the 


the one inch pipe that 


tor container to the manometer 
on in the BWR control building. 


Che lines were installed in this manner 
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LEAK TEST arrangement for G. E. 
BWR containment shell. Manometer legs 
(b, c) detect shell leakage by measuring 
pressure difference between shell and 
airtight system of barrels (a). Pressure 
changes due to temperature fluctuc- 
tions are canceled out since barrels are 
at temperature of shell 


to minimize the effect of any minute 
leaks that might be in the tank pres- 


sure line. 


Results 


The weather conditions during the 
test were quite consistent, and as a re- 
sult the daily vessel pressure cycles 
caused by the temperature were repeti- 
tive during the 2.3 day period, Pres- 
sure differentials caused by the tem 
perature effects on the two legs of the 
manometer were well compensated for 
by the three barrel system arrangement 
within the vessel, 

A plot of the manometer readings 
there 
pressure variations caused by leakage. 


shows that was no measurable 
During the night hours when there was 
little effect from temperature on the 
vessel, the readings were about minus 
bg inch on each evening for three con 

s | his 
reliable to plus or 
Thus the leakage did 
not exceed 0.02% per day, 


secutive evenings reading is 
estimated to be 


minus 4¢ inch 
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FIG. 1. SPERT-IIl reactor. Minimum of shielding is 
required because control center is about '¢ mi away 


FIG. 2. Plates of fuel element contain cermet core. 
of UO, and stainless steel with active height of 36 in, 


SPERT-III is capable of operation at 
60 Mw for 30 min at 2,500 psi and 
650 F. It will be used to study 
basic transient characteristics and 
reactor safety under conditions en- 
countered in high-powered pressur- 
ized-water reactors 


Special 
Power 


Excursion 


Reactor 
Test III 


By T. R. WILSON 
lip Petroleum Co Idaho } alls, Idaho 
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Tue SPERT prosect has been estab- 


lished as a part of the AEC’s reactor 
safety 


program (1) for the purpose of 


onducting studies of heterogeneous 


vater moderated, enriched-fuel reac- 


tors. The experimental findings to 
date with the unpressurized, 
moderated SPERT-I 
ready been reported (2, 3). 

SPERT 


on investigations with a high-tempera- 


water 


reactor have al- 
efforts will next be focused 


ture, high-pressure, water-cooled _re- 
Although chronologically it is 
to be the second SPERT reactor placed 
in operation, it is referred to as SPERT- 


Itt. The 


gather bask 


actor 


reactor will be used to 


reactor safety and engi- 
neering data during such reactor power 
2 watts to 510 Mw in 


This will be accomplished by 


excursions as 


nsertion into the core of a con- 


imount of excess reactivity 


Design Objectives 


SPERT-III, the 


objectives have been to provide 


In designing pri- 
Mma; 
i reactor in which all phases of safety 
issociated with pressurized water reac- 
investigated 


tors might be Specif- 


icall these objectives are: 
which the 


fet haracteristics of pressurized re- 


e To provide a facility in 


vetor in be conducted under a wide 
iriety of operating conditions of ini- 
ial power. flow 
ete This 


behav 


temperature, pressure 
is meant to include reactor 

during simulated excursions 

lations 

provide a reactor whose core size 
ipe can be varied within limits, 
se core is as accessible as PoOssi- 
instrumentation, 

provide a reactor in which the 

issociated with such practical 
as the loss-of-flow accident, 


ld-water accident, ete., can be 
gated without hazard. 

Io accomplish these objectives, the 

SPERT-III 


int stem are designed to have op 


reactor and associated 
erational features equal or superior to 
those the pressurized-water reactors 


This 


temperature and pressure, core- 


proposed includes opera- 
hiona 
and maximum heat- 


The SPERT-IIL reactor 


maximum 


oolant velocity 


transier rates 
n designed for the 
conditions of 2,500 psi and 

int velocities in the core of 
maximum 


750,000 


It/ sec and 


, 
r rates of about 


eatures, when combined in a 
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single reactor, pose many special prob- 
lems which extend to the brink of exist- 
ing technology. To mention only afew 
of these problems a reactor vessel de- 
sign for operation at the required tem- 
perature and pressure, and which will 
withstand the number of thermal cycles 
required in SPERT-III, has not yet 
been tested. The temperature imposes 
fuel 


assemblies suitable for these tempera- 


a restriction on the fuel materials 


Yoke 
assembly 


vessel head for control-rod drives. 
Four of the drives position the eight 
control rods, and the fifth positions the 
transient rod. In addition, four 6-in 
access ports are pro\ ided for inserting 
and removing instrumented fuel assem 
blies and for disconnecting the control 
rod drives, 

In the shell of the vessel are six 4-in 
used 


access ports, five of which will be 


for the removal of instrument leads, 


~ Poison section 


Rubbing pods 


Fuel section 


FIG. 3. Box-shaped control rods containing fuel and poison sections are coupled 
together with yoke assembly so as to be moved by single control rod drive 


tures remain untested in an operating 
Other 
clude methods for the 


reactor special problems in- 
removal of in- 
strument leads from such a reactor, and 


the design of rod-drive mechanisms 
having the desired characteristics yet 


having a suitable seal 


Summary Description 


SPERT-III is a heterogeneous, ther 
mal reactor in which the pressurized- 
water coolant makes two passes through 
the core with a maximum flow rate of 
20,000 gpm and a heat-removal capac- 
ity of up to 60 Mw for periods of about 
30 min, 


view of the reactor 


Figure | presents a cutaway 


The 
i ft and an over-all 
Th 

shock pres- 
3,500 pri. 
el is of laminated 
OAL 


Pressure vessel. vessel has an 
inside diameter of 
height of about 19 ft vessel is 
capable of withstanding 
sures of short duration to 
The shell of the ve 
stainless-steel (type 
thick 


There are five l'y-i 


construction 
o'4 in 


openings in the 


and one of which will be used for pres 


sure relief In addition, six &-in. exit 


coolant-water nozzles penetrate the 
shell, A modified tee at the 


the vessel lfein 


bottom of 
inlet 


contains two 


cooling-water lines 
The outside surface of the vessel is 


covered by 3 in. of Foamglass insula 


tion Surrounding the vessel from a 


point beneath the flange to a point 
above the bottom tee is a lead gamma 
shield 

Core structure. Thi 


structure, which consists primarily of 


reactor core 
the core skirt and the upper and lower 
grids, is supported from the bottom of 
the vessel by one of the thermal shields 
The upper grid is designed to permit 
insertion or removal of individual as 
semblies without removal of the vessel 
head, The 
designed with the thought in mind that 
different 


core structure has been 


and 
‘I he 


control-rod 


several cores of shapes 
SIZCS will be placed im the cssel 
and 


reactor-vessel height 


to accommodate 


“9 


travel is sufficient 





Sister Reactor—SPERT-—II 


The SPERT-I] reactor u ill he the th ird chronologic ally, of the SPERT series lo 


be placed in operation 


prompt neutron lifetime on reactor transient behavior and safety 


accomplished hy Using various 
heavy water, singly or in combination 
and 20 removable U-Al fuel plate: 
tain 168 gm of ft 


other plate, it will contain 84 qm of f 


moderator 

The fuel elements contain 
With all 24 plates, the assembly will con 
and a water gap between plates 


and water gaps of %@ in 


Ite primary function will be to study the influence of 


This will be 
and reflectors especially light and 
, permanent 
of bGg in By re moving every 


T he R1Z¢ and 


configuration of the core can be altered by varying the loading between 28 and 96 


fuel elements. The 
several, different 


thickne 


will not operate at high power level 


heen included in the coolant system 


maximum active core 


cores having a 
initial ae 


height of about 42 in. The 


) 
66 in 


tive core height will be 


The initial core structure has been 


designed for plate-type, staink tee] 
fuel (Fig. 2 sy 


transient rod is located in the 


elements erucifori 


metrical center of the reactor 
poison type control rod 
off axis positions 

Positions are provided in the reac 
xty fuel assen 
The fur 
. Che 


center 


lower grid for a total of si 
blies and eight control rod 

assemblies are of two ze 
smaller ones occupy the four 
transient rod 
oolant flow 


lattics 


positions around the 
During studies requiring 
the unoccupied positions in the 
will be filled with hollow spa 
Surrounding the core is a ! 


less-steel skirt and 3 ther! 


FIG. 4. 


ized, poison-containing hells around the core 


of the reflector can be altered by placing one of 


Since SPERT Il 


for extended periods no heat f rchang ra have 


Control rods. The control rod 
lig. 3) are of the fuel-poison type, the 
fuel being in the lower section and the 
ection Mach 


poison in the upper 


yoke and 


pualr of rods is joined by a 


n by a single drive mechanism 
In addition to controlling the required 
reactivity, this 
elected to minimize the 
rods, thereby 
bility for 
core The 


fuel plates identical with those 


CXCOCBE type rod was 
number of 
providing greater flexi 
instrumenting the reactor 
fuel section consists of 28 
in the 
mall fuel assembly 

The material to be used in the poison 
ection has not been resolved Because 
of the low integrated flux to which the 
rods will be subjected, a boron-stainless 


teel alloy (enriched in B is under 


consideration 
Phe caleulated 


reactivit worth of 


Sy ETE 7% 


Row water 


jr 
ee 
«-Secondary coolant 

pump (200 gpm) 


Vent to atmos 


di 


—C ' _— Deionized-| 
MP OO Galler Sorage--—> 


1 


‘ 
5 


_o~ Pressurizer 
~ 
| 
' 


~21% Ak. 
The cruciform tran- 


the eight control rods is 
Transient rod. 
sient rod contains poison in the bottom 
section. Power excursions will be in 
itiated by driving the poison down and 
out of the core 
Control-rod drives. The 


rod drive assembly consists essentially of 


control- 


a cylinder, piston, shock absorber, drive 


screw and motor. No direct connec 
tion exists between the piston, which is 
mechanically joined to the control rod, 
and the drive screw and motor. Air 
pressure on the bottom side of the pis- 
ton maintains contact between piston 
ind screw. Air at slightly less pres- 
sure, yet sufficient to drive the rod in 
against reactor pressure, is maintained 
on the top side of the piston. Rapid 


insertion of the rods (scram) is accom- 


plished by releasing the air beneath the 
piston An au reservoir of sufficient 


capacity to drive and hold the rod in 


the down position under all conditions 
s built into the upper cylinder 


Fuel elements. ‘The initial fuel as 


embly Fig 2) is fabricated of stain- 


less-steel consisting essentially of fuel 


plates, side plates, upper and lower end 
idapters and a center reinforcing plate 
rhe reinforcing plate has been added to 
assembly 


increase the strength of the 


vibration of the fuel 


differ 


ind minimize 


plate To reduce pressure 


entials in the assemblies, the end 


idapters have been cut away The 


larger of the two types contains 38 fuel 


Schematic flow diagram of SPERT-IIIl systems shows pipe size and coolant flow rate capability of 20,000 gpm 
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The fuel 
Each fuel 


th 638 gm of U 


ng 1s 


0.128 in. 
sists of 
ore 0.020 in, thick 
le with 0.005 in 


es-steel « 


of stain 


Coolant System 
SPERT-III 
nsists ol two primary coolant 

ind the se®ondary 
Phe 
oop 1s 10,000 gpm, 


coolant system 
ressurizel 
flow 
How 
as 200 


tem MmaNiMuiMn 


flow can be set as low 
Coolant enters the reactor ves- 
bottom, flows upward through 
reverses direction and 
the 
the thermal shields, leaving 
near the 


tor core 
vnward between vessel 
bottom. 

reactor is located below ground 


\ second, ad 


t, separated from the reactor 


23-ft deep pit 
ft thick concrete wall, con 
the coolant system equip- 
ept the heat exchangers (see 
Chey have been located above 
el to permit limited studies 
onvection to circulate 

nt 
Primary-coolant loops. [ach pri 
onsists of two circulating 
flow 


1 the 


tubes, a heat ex 
necessary flow-control 


ilves The 


motor 


circulating 
anned pumps 
delivering 


nst a head of 328 ft of 


capable ol 


are driven by 
primary el 


flow 
tubes An 


uring the coolant 
he flow 
eter the flow rate 
lO-in 


10.000 


and a 
1,000 to 


2,000 gpm 
eter from 
ow-control valves will be 


conventional gate 
of the shell 
type with the primary cool 
nside the The ex 
horizontally mounted 
a heat 


heat exchangers are 
tubes 
transier surlace 
The exchangers are 
yr operation as evaporators 
thus formed on the secondary 
being vented to the atmos 
hell side of the exchanger 
i Maximum operating 
of the exchangers i 
restricts the minimum tem 


f the primary coolant leaving 
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a fully enriched UO, 


FIG. 5. 


SPERT-IIl building is of concrete block. 


Hot storage facilities include 


eight dry-storage holes in concrete floor and 16-ft deep water-filled pit (far 


right) 


The heat 
heat ex- 
\Iw to 


‘ oolant flow 


the reactor to about 2 
removal capacity of each 
from about | 
on the 


rate and the temperature of the coolant 


changer is variable 


30 Mw depending 


entering the exchanger lor operation 
at primary coolant temperatures below 
250 I the excl il ers \ bye 


liquid-liquid « 


used as 


] 


loop 


304L 


in the piping 


Primary type 


stainless steel ! ‘ 


due to thermal « on are relieved by 


anchoring the piping near the vessel 


and permitting the piping and all equip 


ment in each loop to expand in three 
directions 

Pressurizer. The pressurizer is a 
33-in.-i.d. by 13-ft-high stainless-steel 


lined tank 
electric heater The pressure 


containing immersion-type 
will be 
automatical controlled by staged 


controlled 


operation of the electric heaters 


liquid level is automaticall 
by a 5-gpm makeup pump and a dump 
valve. 

Secondary-coolant system. 
secondary 


The 
supplies de 
side of the 


water ystem 
ionized water to the shell 
The se 


250-gpm centrifugal 


heat exchangers ondary sys 
tem comprises two 
feed 


boiler pumps and the 


piping plus valve controls, ete., for 
automatically 


level in the heat-« 


necessa;ry 


maintaining the water 


xchanger shell 


Auxiliary Equipment 


The auxiliary equipment as 
with SPERT-IIL includ 


cooling system iter 


sit iated 


i raw-water 


treating s8ys 


tem, two compressed air systems, and 


in emergency power supply 


High purity deionized water having 


ol ™ I me yohm em will be 


ind the se 


a resistivity 
used in both the primary 


ondary coolant tems 


Instrumentation 


Because 3,000 ft 


and the control center 


eparats the reactor 
tran 


ignal 


‘ le etrontle 
Mission has been 


transmitted to the 


pecified for all 
control center Phe 
signals will be transmitted ia multi 
conductor or coaxial cable i 
which will be laid on the 


ibles 


required 
urtace ol the 


ground ( transmitting power 


signals will be separated by a distance 
transmitting 


tol 


15 ft from cable 
In the 


obtaining accurate pressure 


of about 


instrument signals inter 


indication 


more than one transmitter has been 


pro ided for each appli ition becr use 
of the wide range of operating pressure 
The control-rod-drive tem is com 


po ed of an a-ec drive motor han 


cal driv 


j 


el n 


ih Thiet 
e continuously variable in peed 
four selayn re 


brakes 


The principal features incorporated in 


transmitter and 


ceivers with and 


gearmotors 


the design are: (a) The system will pro 


individual or ynehronized 


The 


continuous 


vide for 
operation of all control rods by 
system will provide for 
variable-speed operation of the control 
from | in./min to 


rods. both in and out 


5O in Phis range of drive speeds 
provide sa reactivity addition ol 


0.583% Ak/min to 29% Sh 


min 
Irom 


about min 
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— Zr SCRAP. Employees wear asbestos LOADING INCINERATOR. Pail is supported over incinerator by 
helmet, gloves and leggings and chrome-leather yoke, extension handle is fitted, and yoke is rotated to dump 


apron. Storage pail is shown being carried in yoke contents. Scrap is burned in quantities of 35-400 Ib 
from metal locker. Scrap is removed daily from 


machine shop and stored under water in 5-gal pails 


rinks AND EXPLOSIONS have occurred 


How One Company 
2 + . pontaneously in zirconium serap under 
Avoids Zirconium torage conditions (NU, Dee. ’56 p. 28) 


Combustion Engineering, which han- 


e °@ dles about 1,500 Ib of zirconium turn 
Pyrophoricity “4azard ings and fines per month, has used the 
procedure shown here without incident 

ince last November Basically we 


By EDWARD W. KRANS convert pyrophoric Zr to nonpyro- 


Combustion Engineering, Ine phori Zr). for safe storage 
Windsor, Connecticut 


LIGHTING FIRE. Gasoline-soaked rag, tied to 20-ft Zr SCRAP BURNS TO SAFE ZrO 
fuse, is placed on scrap. If necessary, 6-ft pole is 
used to insure good contact betweenrag ball and scrap 


Typical view at peak of burning. 
When combustion dies down to steady glow, lid is placed on incine- 
rator. Oxide is cooled overnight 
= "2 

sd 
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SHOCK WAVE MOVING ___ 
DOWN TUBE 





lt-— ELECTRON BEAM 


DETECTOR 


DENSITY PROFILE OF 
SHOCK WAVE ON SCOPE 





new technique helps Los Alamos scientists 
take a sharp look at shock waves 


The electron densitometer shown above was designed and built at 

Los Alamos Scientific Laboratory to study the structure of shock waves and to investigate 

the fast reactions associated with strong shock and detonation waves. This instrument provides 
space resolution of less than 0.2 mean free path under normal operating conditions. 

It is believed that this is the first application of electron beam techniques to the 


direct measurement of transient flow phenomena. 


If you are a scientist or engineer of superior qualifications, interested in a creative atmosphere 
with a minimum of administrative detail, you are encouraged to write for an 

illustrated brochure describing the laboratory facilities and the delightful family 

living conditions of Northern New Mexico. 


DIRECTOR OF PERSONNEL 
LOS ALAMOS SCIENTIFIC LABORATORY 
DIVISION 2008 


clentific laboratory lo1 Alomos Scientific Loborotory 


OF THE UNIVERSITY OF CALIFORNIA is a non civil service operation of 
the University of California for the 


LOS ALAMOS, NEW MEXICO U_S. Atomic Energy Commission 





CROSS SECTIONS 


FIG. 1. Location of fission products and 
consequently of U**" burnup in irradiated 
fuel is accomplished with this device de- 
signed and constructed by R. S. Paul of the 
General Electric Fuels Preparation Dept., 
Richland, Washington. Scanner accepts 
thin wafers cut from fuel, permits moving 
them past thin hole in lead collimator. 
Scintillation crystal detects fission-product 
gammas. Instrument is mounted on plug 
that fits hole in wall of hot cell so that it can 
be removed for alteration or maintenance. 
Wafers are inserted by master-slave 
manipulators 


Wafer Scanner Locates 


U** Burnup in Fuel 








Relotive activity 








FIG. 2. Gamma counts on four diameters are 
measured with pulse-height analyzer (solid 
curves) and corrected for variations in sample 
thickness (dotted curves). Resolution in wafer 
sample is ~)¢ in. Skew in curve, which is some- 
times extreme, indicates influence of nearness to 
control rods, misalignment of fuel in its channel, 
etc. These curves represent gammas of energy 
> 0.9 Mev from sample irradiated ~2 months, 
then aged 57 days. Numbers at edge of circle 
lat center, are measured thicknesses 
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FIG. 3. Differential pulse-height spec- 











trum of upper curve is from counting of 
sample used for Fig. 2. Clean peak at 
1.6 Mev from La'*® permits absolute de- 
termination of this activity. Lower curve, 
taken 23 days later, shows disappear- 
ance of 40.2-hr La'*® activity 
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FIG. 1. Resistance temperature detector and its construction 


Resistance Thermometer 
for Nuclear-Reactor Service 


| 
By F. RALPH SIAS | 
General Electric Company 
West Lynn, Massachusetts | 


Various wrought shapes 


Extreme purity 


vailable immediate in strips 
he labl nmediately trig 
with range of boron content in 
aluminum from 0.05 to 


\ resistance temperature detector urement determines whether a power 
RTD) has been designed for the Sub- 
mar Advanced Reactor* that will 


in fulfill operational require- 


Other Materials Available 
Wrought Powder Metallurgy Products 
Cemented Tungsten Carbide 
Heat Resistant Titanium Carbide 


plant operates efficiently —close to the 


upper boundaries of mechanical 
strength and close to critical pressures 
Vari- 


itlable for tempera 


more tl 


very fast response and or with large safety margins 


ability under ous systems are a 


sipation 
It can be adjusted to 
ind will maintain this 
for long periods of time in 

eld 
igh designed for operation be- 
5.000 psi on the sensing element, 
t has withstood testing well above 
5 000 is sufficiently rugged to 
withst l extreme shock and vibration 
iracy ol temperature meas- 
e Advanced Reactor is a 
pe being developed at 


Power Laboratory Sche- 


Y 
, No. 8 - August, 1957 


ture measurement 

For application in a nuclear reactor, 
fluid-filled systems are excluded because 
the connecting piping would make a 
passage for the 
materials 
made to give reasonably good accuracy 
But the 


cold-junction 


systems are complicated by 
compensation 
and the signal power available is small 

The electrical-re 
ter has long been the standard for pre- 
Much 


stance thermome- 


cision thermometr more 


power can be used in the measurement | 


escape of radioactive | 


The rine ouple & can be | 


devices, | 


Sintered Boron Products 


Experienced ¢ ngineering staff 


available for your nuclear 


me tallurgy proble ms 


Write tor anples and complete imformation 


SINTERCAST CORPORATION 


OF AMERICA 
134 Woodworth Avenue 
Yonkers 2, New York 
Phone: Yonkers 9-6767 





A portable, lightweight, 
battery-operated instrument 
which measures the intensity of, and distinguishes between 


ALPHA, BETA, and GAMMA RADIATION! 


2 MODELS. SRJ.3 (Standard Range) and HRJ-3 (High Range) 


3 RANGES IN EACH MODEL. SRJ-3: 50, 500, and 5000 
MR HR. HRI-3: 250, 2500. and 25000 MR_-HR 


EASY TO DECONTAMINATE. Specially designed case has 
minimum number of joints and pockets. Highly 
polished cast aluminum handle for low porosity 


EFFICIENT OPERATION. Compact battery pack requires 


few batteries and provides extremely reliable operation 


JUNO’S ROLE IN NUCLEAR RESEARCH 
This instrument was developed for the Hanford 
Works and is widely u 
gree of accuracy is desired. Several are aboard 
the U.S.S. Nautilus, and many others are t 

in medical, military, mining, industrial, reactor 
and research applicatior 


ed wherever a high de 


Write tor complete catalog, entitled, 
Instrumentation (am Nwelear Research” 


TECHNICAL ASSOCIATES 


140 WEST PROVIDENCIA AVE. * BURBANK, CALIFORNIA, 
' ‘ 


4, 


ee 


Bae 
ee 
= 
— 


FIG. 2. Sensing-element sandwich is en- 
closed in U-shaped stainless-steel tube 


rcuits than in a thermocouple system, 
ind no cold junction compensation 18 
required It was therefore selected for 


this critical measurement task 


Specifications 

f water is used as the heat-exchange 
medium in a reactor, the critical pres- 
sure and temperature are 3,184 |b/in? 
and 705° F. These were used as pre- 
Additional re- 
quirements include a flow rate of 45 ft 


liminary design goals 


sec and a response time of 1.0 see 
(63%). Devices used near a reactor 
are also subject to a radiation field, the 
intensity of which depends on the loca- 
tion of the device 
tion a fast-neutron flux of 1 x 105 
10° n/em? 
sec and gamma of 200 r/hr were 
Desired life 


For this applica- 
n/em?/sec, thermal of 5 


selected as upper limits 
is 40,000 hr. 

The ambient air temperature is 70° C. 
Navy shock and vibration tests are re- 
quired Also, equipment attached to 


submarine piping must be strong 
enough to be used as a step lor mainte- 
nance people because of the extremely 


crowded conditions 


Design 

Che design of the RTD is shown in 
hig. | 

Sensing element. 
conflicting requirements for an RTD 


There are always 


ensing element Fast response de- 
mands low thermal capacity and high 
thermal conductivity Low self-heat 
demands large areas. Strength calls 
for thick protecting walls Good elee- 
trical stability requires that electrical 
insulation be good, usually with low 


thermal conductivity Soft wirelike 
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NUCLEAR 
“TAILORS OF, STEEL” ® 


NOZZLES ORIENTED AND 
ALIGNED WITHIN + .005” 


Paceco is welding the upper head of this Boiling Water Reactor 


for General Electric Co. 


[rick is — the orientation and alignment of nozzle must be held 
to + .0O5” to align control rods with General Electric’s control rod 


drive mechanism. It will be! 


Throughout the construction of this 60 ton vessel, fabricated from 


3%" clad steel, overall tolerances have been held to the minimum 
commercial standards for this class of fabrication. 


After General Electric established basic specifications and re- 
quirements, Paceco engineered and designed this vessel to meet 
General Electric and code requirements. 














Here are 4 Paceco gained-through-experience 
skills you may be seeking for design and fab- 
rication of your nuclear equipment 


Skill in welding and heat treating of steel 
and alloys, both light and heavy gauge 
Skill in fabricating of corrosion-resistant 
metals and alloys. 
Skill in producing heavy equipment to ex- 
tremely precise mechanical tolerances 
Skill in designing and building equipment 
to resist extreme pressures and intense 
temperatures. 
Some units we have built direct from buyer's 
plans. In other instances, however, Paceco 
engineers work with the buyer at the design- 
ing stage. Experience has proved this consul- 
tation may sharply lower initial cost, improve 
operational efficiency and reduce mainte- 
nance. We invite consultation on your re 
quirements. 


PACIFIC COAST 
ENGINEERING COMPANY 


ENGINEERS « MACHINISTS « FABRICATORS 
Alameda, California, | Atehurst 2-4 

PACIFIC COAST ENGINEERIN 

New York 17, 5! East 42nd Sive 

REPRESENTAT 
Pasadena 6, Calif., 7/4 f 
Kansas City 12, Mo., 4706 1 
Houston 1, Texas, ? © Box | 








EXPORT 


SALES AGENT FOR 


NUCLEONIC 


AND 


ELECTRONIC 
INSTRUMENTS - COMPONENTS 


TRI L vontd WIDE SERVic; 


TRAIL is the magic word for the fastest delivery 
of Nucleonic and Electronic components the 
world over. TRIL means Terminal Radio Inter- 
national Lid., leading U. S. in-stock export 
distributor and export sales agent for Amer- 
jea’s largest manufacturers of Nucleonic and 
Electronic Equipment. 


And, TRIL means &-P-E-E-D because TRIL deliv- 
ers your order F-A-S-T-E-S-T from our own 


completely stocked warehouses. 
VICTOREEN PRODUCTS 


HI-MEG RESISTORS 


Sub-Miniature Vacuum Type 
RA-1 (type 249) 


100 megohms te 100,000,000 megohms 
SUB-MINIATURE 
VACUUM TUBES — 


COUNTER TUBES 
VOLTAGE REGULATORS 














MEDICAL 
RADIOLOGICAL 
INSTRUMENTS 


Ww 
PERSONAL 


AND AREA 
DOSIMETERS 


CIVIL DEFENSE 
RADIOLOGICAL 
SURVEY METERS 


(j 





SPECIAL PURPOSE 
AND 


PHOTOMULTIPLIER 
TUBES 


x*wneekt 
Your request for technical bulletins and price 
quotations on all your Nucleonic & Electronic 
requirements will receive our prompt attention. 


TERMINAL RADIO 
INTERNATIONAL Ltd. 


ty St.. New York 6 N. Y 


WOrth 4.3371 © TERMRADIO 





platinum must be mounted so as to be 
strain-free with attendant poor thermal! 
These qualities must be bal- 
anced in a good RTD to best fulfill the 
design goals. 


contact, 


First, of course, are its electrical 
characteristics—its resistance-tempera- 
ture curve, This must be precisely es- 
tablished and stable over a long period 
Tungsten offers advantages 


Stabilities 


of time. 
as the resistance material. * 
obtained are as great as those of plati 
num, and, in addition, precise control 
of temperature coefficient and resist- 
ance is more easily obtained. 

In addition to temperature stability, 
the RTD must be stable under a radi- 
Nine 
tungsten units were irradiated in the 
Instrument Tunnel at the Brookhaven 
National Laboratory for 40 hr to a radi- 


ation field for a number of years. 


ation field that gave an integrated flux 
equivalent to 40,000 hr of operation 
When compared with other units as 
controls, there were no. significant 
changes due to radiation. 

Fast response requires that the sens- 
ing resistance be in as intimate contact 
as possible with the medium whose tem- 


tion, it must withstand very high pres- 


perature is to be measured, 


sures. The construction chosen is 


shown by Fig. 2. The winding itself is 
wound on three notched mica cards, 
and nichrome leads are attached. Ni- 
chrome is used because it has a very 
EMF against 


Two addi 


low thermal tungsten 


over a very wide range 
tional mica strips are placed on either 
side of the winding to form a sandwich 
Several 0.0025-in. mica strips are used 
instead of single thicker ones to facili 
tate the bending operation. 

The sandwich is then slipped into a 
flattened stainless-steel tube and the 
whole bent in a die to the “U”’ shape 
This stresses the 
outside wall of the “U” beyond the 


elastic limit and leaves the walls of the 


shown operation 


tube pressing on the mica sandwich 
with considerable pressure for best 
thermal contact. 

The sensing element is next inserted 
into the machined groove in the nose of 
the mounting block and brazed with a 
gold-nickel This 
mounting leaves the tube supported 


When 


pressure is applied to the sensing ele- 


alloy method of 


on both the inside and outside. 


ment, it does not put the gold solder in 


tension. The remaining space in the 


ht. Sias, J. R. Macintyre, A. Hansen, 
Trans. Am. Inat, Elec, Engrs., Part 1, 
Com. and Electronica 73, 66 (1954). 


W 
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MEMORANDUM: | 





From the Desk 
of the President 


To: Purchasing 
Department 





Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
stand they are pro- 
ducing materials 
which should be of 
interest to us. 

They have a 
reputation for de- 
pendability of prod- 








ucts and service, 





———— 

Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation. 
Your inquiries concerning 
products, samples and research 
and development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W.R. Grace & =) 


Baltimore 3, Md. and Pompton Plains, N. J. 


¥ 
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nt, around the leads, is 
ia powder, packed as 

rie Thus external 
stort the protecting 
tends only to in- 

on the sensing ele- 


Ve its response 


vinding were made of 

soft metal, the pres- 

uuld seriously strain and 

thus changing its re- 

terist kiven if the 

ere perfect before forming 

fter forming, it would have 

different value, and the 

during forming could 

dicted. When tung- 

high strength allows 

resistance during the 

In addition, since 

e adjustment is made 

* any change that does oc- 

ted. Tests made on the 

RTD show that the tempo- 

n resistance due to exter- 
negligible 

is a further valuable ad- 

When an RTD is used for 


ontrolling temperature 


ised in a bridge circuit that t ’ 
it one fener n4 ett for Super-Fine Cutting 


other temperature 1s 


‘Tho velias e o of Hard, Brittle Materials... 


ra uniform change in re- 


RTD, is nonlinear. It th 
e 


r many applications to 


itput voltage that is linear 


ton. Tay Ge Industrial Airbrasive’® Unit 


gsten RTD, for the bridge 


irvatures are opposite and Many delicate industrial cutting and abrading operations — 
wh other when the cor- once considered impractical or downright impossible — are now 
bridge resistors are easily accomplished with our Industrial Airbrasive Unit. 
Developed from the Airdent® equipment made by S. S. WHiTe 
for the dental profession, the unit gas-propels a concentrated 
stream of abrasive particles at high speed for a fast, 
cool, shockless cutting action. 
The unit can be used in wire-stripping .. . calibrating .. . 
Mounting block. The mounting to remove surface deposits... etch glass... cut germanium 
hined for two sensing ele and other crystalline forms . . . or to etch, drill and 
light-debur hard, brittle materials, 
Every day, many different industries find new uses for the 
Airbrasive Unit. Perhaps it can make your own manufacturing 
process easier, less expensive! To see what the Airbrasive 
sure piping. This ' Unit will do on your product, send us sample parts and details, 
ule by welding a boss For further information, just write to 
Chis boss is threaded in 


rsize \ helical coil of 

t) 
liamond-shaped wire is Khe 
he thread to serve as the 


irface of the nut It re First Name in Airbrasive Cutting 
ty that thread galling 
il of the RTD 
des the strength to 


irity can be made 
i 700 I range 


KF over most of 


two separate tempera 
or @& Spare element 


ith a single penetra 


ternal pressure in the 


Ss. S. White industrial Division, Oept. 1SA, 10 East 40th Street, New York 16.N. ¥ 
Western Office: 1839 West Pico Bivd., Los Angeles 6. Calif 
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THE FENN MANUFACTURING COMPANY, 704 FENN ROAD, NEWINGTON, CONN 


80 


FENN 


WANS co] mel aaatiate 
oreliolaat=ah 


Core of Your Nuclear Planning 


FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
for laboratory, pilot run and production. They are designed and built to meet the 
requirements of nuclear metallurgy, including the newest and toughest metals. They 
can be supplied in both vertical and horizontal types with complete instrumentation 
for remote control and hooding where necessary. 


FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming . . . hot or cold... without producing chips. A complete range 
of sizes with capacities from %” to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


FENN DRAW BENCHES AND TURKS HEADS—Fenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull. 
Variable drawing and return speeds to fit your specific requirements, Fenn Turks 
Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube. 


For engineering services 
or literature, write 
NUCLEAR MACHINERY DIVISION 


pipe. To prevent leakage, a seal weld 
is made at the flange 

The mounting block also contains 
passages for the leads. Ceramic high- 
temperature hermetic seals are silver- 
brazed directly to this part. An 
evacuating tube for each sensing ele- 
ment allows powdered alumina to be 
introduced and packed as much as 
possible to prevent movement of the 
leads due to vibration and shock. 
Helium is then added at a pressure 
slightly higher than atmospheric pres- 
sure. The sleeve is then installed and 
welded in place 

Head. The head must be water- 
prool It is also desirable to allow the 
conduit fitting to be located in any 
direction. Therefore, the head is 
mounted on the sleeve with an O-ring 
seal and clamp to secure it in the de- 
sired position The terminal board is 
mounted directly on the sleeve to allow 
rotation of the head without twisting 
the leads sSefore assembly of the 
terminal board, the cavity in the sleeve 
is filled as completely as possible with 
coarse alumina to prevent failure of the 


leads due to shock and vibration 


Testing 


The RTD was tested for response 
time, self-heating and pressure effects 

Response time. Response-time 
tests were made by inserting the RTD 
in a pipe in which water at about room 
temperature could be maintained at 
flows up to 50 ft/sec Water was first 
drained from the pipe and the tempera- 
ture of the RTD raised to about 100° C 
A quick-opening valve allowed a full 
flow of water to enter the pipe, thus 
making a step change in temperature, 

The RTD was connected to a Mueller 
bridge balanced for a 63% change in 
temperature. It was excited with 60- 
cycle a-c, and the output was applied 
to a recorder. The response time was 
taken as the time between the beginning 
of the change in bridge balance and the 
balance point At a flow of 30 {t/see 
the response was 0.4 sec, and at 5 ft 
sec, it was 0.6 sec 

Self-heat. This test was made in 
the same apparatus as used for response 
time Flow was set at a desired rate, 
ind the RTD resistance was measured 
vith negligible power applied to the 

dye The power wa then raised, and 
the change in resistance was converted 
to self-heat temperature rise 

At 15-ft/sec flow and 1 watt dissi- 
pated in the RTD, the rise was 1.7° F 
At 0.1 watt, the rise was 0.2° F 

Pressuretests. The various compo- 
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you can 


the difference 
in the 
CRL system 


and it costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “sense of feel’’ : ' 
which is the result of continuous design improvement and rigid write today for complete information to: 
quality control throughout every phase of manufacture. Field main- 


tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built” by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs, 


If you use—or plan to use—hazardous materials that require laboratories, inc. 
intricate handling, CRL Manipulators will speed up your production 
, ann B tery ee F Red Wing, Minnesota 
or research program. We will also be glad to advise you on the layout 
of hot cells and other research areas, to help you gain maximum 
benefit from your CRL Manipulator. 
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central research manipulators 
from basic Argonne National Laboratory design 


Dept.101 





Announcing... Victoreen’s 


MOBILE AIR 
MONITOR 


PARTICLE 


to ORNL 
Specification 
Q-1740 


AEC acceptance . . . com- 
pletely self-contained... 
mounted on pneumatic tires for 
rapid portability . . . eliminates 
duplication of radiation detec- 
tion equipment—that’s just 
part of the story on Victoreen’s 
Model 900-2 Mobile Constant 
Air Particle Monitor. 


Other important features are 


a new rate meter design that 
covers five decade range on a 
single scale...logarithmic 
count rate meter eliminates 
electro-mechanical switching 

. new constant speed pump 
motor design . . . simple valve 
adjustment controls flow rate 
... built-in alarm warning sys- 


tem... fail-safe design. 


And there are many other important 


features, too. So if you have need of a 


simple, economical device for detecting, 


monitoring or recording beta and gamma 


rays 


look to the Victoreen Model 900-2 
Mobile Air Particle Monitor first. 


AA-6783 


Write for your copy of Form 3004-7 


ee 
Victoreen 


.. Mobile Air Monitor'’ 


and get full specfication data. 


The 


utoreen Instrument Company 


Instruments Division 


5806 Hough Avenue, Cleveland 3, Ohio 
WORLD’S FIRST NUCLEAR COMPANY 


nents of the RTD have been pressure- 
tested separately. This has been done 
on a dead-weight tester, failure being 
indicated when an actual leak occurred, 
or where it became impossible to in- 
crease the pressure further owing to 
the expansion of the system. 

The sensing element itself was tested 
to 5,500 |lb/in? without failure. The 
only visible effect was a slight reform- 
ing of the element base where it was 
brazed into the mounting block. No 
significant changes in resistance due to 
pressure were noted. Insulation re- 
sistance remained high 

Although the hermetic seals are not 
normally required to withstand high 
pressure, in the event of a failure of the 
sensing element they would be sub- 
jected to full working pressure. A 
number of seals were tested up to 10,000 
psi, the minimum failure pressure re- 
corded being 7,000 psi 

A special test model of the mounting 
block and boss was made to test the 
effectiveness of the Helicoil thread and 
seal-weld design The seal weld 
showed no sign of failure up to 9,000 
psi. The thread began to give at about 
8,500 psi 

. * * 


This article is based on a paper presented 
at the 2nd Nuclear Engineering and Science 
Conference in Philadelphia Varch, 19657, 
and aponsored by the American Institute of 
Electrical Engineers 





Reprints Available 
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foldout description (July '57) 
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How Radiation Affects Materials 
(Sept. '56)—$1.35 
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Well-Bottom Container 
improves Gamma Counting 


By ARTHUR F. DRATZ 


Veterans Administration Hospital, Atlanta 


il sample container (Fig 1) 
Marinelli beaker (7), 
s exposure of the top and sides 


at like a 


a sodium-iodide scintillation crystal 
to the gammas from a radioactive solu- 
tio Its improved counting rates per- 
t a direct, relatively rapid assay of 

irge aliquots of dilute Co solution. 
With narrov 


~ OF 


window counting we have 
> resolution of both Co 


counting a liter containing 


With a slightly wider window 
bias discrimination our data 


»¢ 
oO “” 


standard error in count- 
of solution containing 0.005 


attained in 12-20 min. 


olutions are frequently en- 


din a useful clinical test for 


gnosis Of pernicious anemia, 


nical purposes, a counting sys- 
that permits assay of one liter of a 
ml Co 


‘ 


5% in a reasonably short 


1) jac urine to a stand- 


quite satislactory (2). Our ap 


paratus meets these criteria. 


Apparatus 


The container is as shown in Fig. 1. 
A volume of 650 ml will fill it to the top 
of the well. Each additional 350 ml 
the fluid level approximately 
Li \ sheet of Parafilm, held in place 


will 
ber bands, provides a convenient 


mum clearance is left between 
of the crystal can and the sur- 
well 
vertical surfaces of the lead 


the Felt strips taped to 
ent lateral movement of the 


container and possible damage 


Results 


Operating the photomultiplier at 850 


olts and using a differential pulse- 


inalyzer with a 3-volt window, 
ergy spectrum produced by ] 
1 Co” 

uned 


peaks 


solution (~2.5 pe) was 
The 1.17- and 1.33-Mev 
were clearly resolved with 


aeteri 


f{~9 and 8%,* respec- 
Higher counting rates were ob- 


* Per cent resolution equals width of peak 
at half-maximum counting 


the base-line voltage at the peak 


rate 
livided | 
times 100 Half-maximum counting rate is 
halfway le 


peak. 
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tween top of peak and base of 


, Ge org 

tained from the same Co solution by 
reducing the photomultiplier voltage to 
770 and the to 6 
volts (Fig. 2). 


increasing window 


10-volt 
window at the previous voltage of 850. 


respond approximately to a 


The maximum counting rate observed 
in Fig. 2 (1.33-Mev peak) 
Co is 54,700 cpm over a background 


for 2.5 ye of 
of 45 cpm. From this data it can be 
calculated that under these conditions 
a liter of solution containing 0.005 ye of 
(‘9% 


ot 3° 


can be counted to a standard error 
> in about 19 min 

An integral-bias counting system re- 
jecting all pulses below the bias setting 
was employed in several experiments. 
A maximum sample-to-background 
10 to | 
was obtained at a discriminator setting 


w 4 


count ratio ol approximately 





Scaie(in.) 


(Or Omi 























FIG. 1. 
fits inside 
container 


Canned 154 X 2-in. Nal crystal 


bottom well of Plexiglas 





fe 
2.5 pe Co® 


(one liter) 


i 
| 
lf 


Com (thousands ) 





250 


Bose line ( voits) 











FIG. 2. Six-volt window and photo- 
multiplier potential of 770 volts produces 
54,700 cpm from 2.5 yc of Co™ at 1.33- 
Mev peak. Background there is 45 cpm 


These conditions cor- 


ees .o1 46.8 

LAAABAPEE 
a ie cr 
bss 2 “* 


_ i. 








PHOTOMULTIPLIERS 
OF HIGHEST 
EFFICIENCY 


These tubes combine high 
sensitivity with exception 
ally low noise and are there- 
fore ideally suited to gamma 
spectroscopy as well as 
scintillation counting. The 
photocathode is formed on 
the flat end window and has 
highest sensitivity in the 
region of 4,200 A’. The range 
includes tubes having eleven 
or thirteen stages, Pyrex, 
kodial or quartz windows 
and cathodes of various dia 
meters. The type illustrated 
has the following charac 
teristics. Full details will 
be sent on request. 

TYPE 


VMP. 11/44 


44mm 
0 uAlL 


50 uAiL 
8 11 


Cathode diameter 
Minimum cathode sensitivity 
Average cathode sensitivity 
Spectral response 

inimum overall sensitivity 
at 1600 Vv per stage 
Average volta per 
200 A/L, 
Maximum 
200 AIL 
Anode capacity 
Window material 
Maximum diameter 
Overall length (seated) 
Base 


200 AIL, 
stage for 
16 Vv 
dark current at 
O.1 uA 


8 ppl 





AM Tala, 


ELECTRONICS LITO 


20" CENTURY 








LOW COST WASTE DISPOSAL counting rotes: 


SERVICE AS NEAR AS YOUR PHONE 


In conformity with ICC regulations, Nuclear Engi- 
neering Company, Inc. will accept any and all radio- 
active waste material packaged and sealed in steel 
drums (surface intensity less than 200 mr/hr) fob 
Oakland, California. Nuclear Engineering Company, 
Inc. has been licensed by the AEC to collect and 
package radioactive waste (byproduct, source and 
special nuclear materials) for sea disposal. Detailed 
information available upon request 


NO PROCESSING 
BY CUSTOMER 
PICKUP ANYWHERE 
IN U.S.A. 


Phone: Yellowstone 5-6150 


Walnut Creek, Calif. al sx wy 
NUCLEAR ENGINEERING COMPANY, INC. (0% cpm in « liters of sample, ¢, 


em ** SS SRLERERER SERRE RRR EEREEERReeeeeas 


2600 NORTH MAIN STREET, WALNUT CREEK, CALIF. 








Longer Thermocouple Life 
In Atomic Reactors 


With T-E Conamo” Wire Thermocouples 


Designed for use under extremely severe conditions, enclosed hot-junction 
“Ceramo" thermocouples— with ceramic insulated, metal sheathed wire — will 
outlast comparable standard types many times. And response time is just as 
fast. Furthermore, both sheathing and insulation can be specially selected for 
resistance to atomic radiation. Conductors in all standard calibrations and 
various sheath materials are available for temperatures up to 3000° F. If 
desired, “Ceramo” thermocouples can be completely pre-tested. Conductors 
36 to 12 gage. Overall diameters—1/25"' to 7/16", 


Write for Bulletin 305- K. 


Thermo Electric G.iuc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


| eT errr rrr rrr rr Vesseseey 
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('o0®" counting rates 
corrected 


Volume Background 


ml cpm cpm) (epm ml) 


650 286 1,064 3.02 
1,000 268 2,711 3.71 
1 650 244 3,343 2.03 


* These rates came from integral-bias- 
discriminator counting of various volumes 


ofa5 x 10 pac ml Co® solution 





of 45 volts. Using this setting further 
data were obtained by counting 0.2 yc 
of Co in various volumes of water. 
Backgrounds were determined in a 
similar manner. Both the background 
and Co counting rates decrease with 
increasing volume. sy converting the 
equations for the linear portions of 
these curves from absolute to relative 


terms we get the following relationships 


B, = By(AA2 — 0.122) (1 
C, = C,/(1 0.442) (2) 


Here x volume in liters, B, back- 
ground cpm in z liters of water, B, 


background cpm in | | of water, C, 


Co” epm if z liters of sample were 
concentrated (or diluted) to a 1-l 
volume 

If different volumes (0.7-1.7 1) of 
several Co samples are to be assayed, 
these equations are quite useful in re- 
ducing the number of determinations 
required, Using Iq. 1 the background 
counting rate for any volume up to 1.7 
liters can be calculated if the back- 
ground rate in any known volume is 
determined By applying ig 2, each 
of the sample counting rates corrected 
for background) ean be compared 
readily with that obtained for a single 
Co standard counted in a 1-1 volume 


Improving Sensitivity 

To obtain. the maximum counting 
rate, particularly in the assay of dilute 
Co solutions, it is advantageous to 
count the largest possible sample vol- 
ume Although the specific counting 
rate (cpm/ml) of sample decreases with 
increasing volume, the increased 


amount of Co present in these larger 
sample aliquots produces a net increase 
in the counting rate This is illus- 
trated by the data in the table obtained 
by counting various aliquots of a Co‘ 
solution of ~5 & 107° pe/ml 

A liter of this solution gave 2,711 epm 
above background Since 650 ml fills 
the plastic container to the top of the 
well, it can be predicted, by subtracting 
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the 650-ml counts from the 1,650-ml 
nts, that only 1,379 epm could be 

f a liter of this Co® solution 

inted in a flat-bottomed vessel 

ime diameter placed on top of 

tal. This is only about half 

ng rate observed using the 
bottomed containers. Many lab- 

s use flat-bottomed vessels for 


60 


of liter volumes of Co® solu- 
Since small-diameter (4 In.) 
ire often used, and since the 
f the crystal are usually shielded 
ead, even lower counting rates 
»btained 
ounting rates observed with 
bottomed containers and an 
bias counting system it can be 
ited that a liter of solution con- 
ng 0.005 we of Co" can be counted 
standard error of 3% in 12-17 min. 
e experiments no attempt was 
to determine the absolute Co® 
entrations in the solutions used, 
ere prepared from various lots 
mercially available Co-labeled 
B 
ounting well can be improved 
il ways: The lead shield was 
this laboratory from generally 
lead: if selected lead with a 
of natural radioactivity were 
er background counting rates 
obtained. The size of the 
ontainers was largely deter- 
the stock sizes of Plexiglas 
tilable commercially. A 
irger well would permit the 
eanned 2 X 2-in. sodium- 
tal and result in higher 
rates If sample volumes 
r than O.8 | are usually availabl 
iy, improved counting rates also 
e obtained by increasing the over- 
eter of the containers since this 
rmit a greater portion ol the 
» surround the erystal. 
containers were fabri- 
at a cost of $8.00 each 
expensive materials 
e We have found that 
tainers can be decontaminated 
i simple brushing with a com- 


tergent solution containing a 


* * 
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| FANSTEEL 


in the palm of 
your hand with... 


Pes Poe 


REFRACTORY 
METAL 
PELLETS 


Low cost, readily available, 
high density, low gas content, 


easily handled, and... 











99.87, 


PURE 


Write for current data 
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PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SALTS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 


AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World's largest 
producer of rare earth and 
thorium chemicals for commercial 
atomic energy use and industrial applications 


[JnDSAY (JHEMICAL (OMPANY 


272 ANN STREET, WEST CHICAGO, ILL 
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NUCLEAR ENGINEERING NOTES 


Test 
tidge call for a system operating pres- 


Design plans for the Homogeneous Reactor 
(HRT) at Oak 
sure of 2,000 psig 


water in the core and to reduce the volume oc- 


HRT Uses Oxygen 


for Pressurizer 
rhe high pressure is necessary to 


prevent the boiling of the 300° C 
cupied by radiolytic gas in both the core and blanket. One of the problems facing 
the HRT is that of designing a pressurizer system capable of maintaining the 
An additional requirement of such a system is that it 
about 10 liters) to handle the fluid 


expansion during sudden power excursions without excessive pressure increase. 


2,000 psig static pressure 
must provide a surge volume large enough 


The simplest approach (and one which ORNL is considering) is to pressurize 
the free surface of the water with a suitable gas. The gas volume would be large 
enough to give adequate surge protection. ‘The next question is: of all the gases 
available which is the most suitable? A recent study of this point for the AEC 
by Arthur D. Little, Inc. came up with a surprising answer—ozxrygen, 

The study concluded that oxygen was the best gas for HRT pressurization be- 
cause it 18 

*chemically compatible with both the core and blanket materials. 

®readily available commercially or easily produced at the plant site if desired. 

safely handled in commercially available equipment. 

®easily disposed of by burning with ordinary hydrogen. 

Since one of the prominent hazards of the HRT is the possibility of a hydrogen 
explosion resulting from the buildup of the radiolytie gases D, and Ox», one might 
think that oxygen would be at the bottom of the list when it came to selecting a 
pressurizing gas. The investigators, themselves, admit that at these tempera- 
tures and pressures not much is known about the explosive limits for Dy-O, mix- 
tures. However they feel that the D, concentration in the gas can be kept at such 
a low value that the pressurizer vessel can be built to withstand any explosion that 
might occur, Under normal operating conditions the D, concentration would be 
held below 0.75% 

3 


expected to rise above 3.25% 


Under emergency circumstances the concentration is not 
If the D, 
the peak pressure would be about 9,500 psi 


were detonated at this concentration 

It was recommended that the pres- 
surizer be designed for a static pressure of 6,500 psi. This would give a large 
enough safety factor to handle the 9,500-psi pressure pulse that might result from 
a detonation, 


Argonne National lab is using 


Borax-4 Uses For the first time 
UO.-ThO, Pellets ceramic pellets of urania-thoria as fuel constituents 


in a Borax series experimental reactor at the National Reactor Testing Station. 


in a nuclear reactor The pellets are now being used 

The feasibility of using ceramic fuels in a boiling water reactor is discussed in a 
paper by Hoenig, Handwerk, Kittel, and Breden presented at the annual meeting 
of the American Ceramic Society at Dallas, Texas. Results were given of the 
preliminary studies of the effects of irradiation on the uranium and thorium oxides. 

The ceramic specimens were first tested both with and without cladding 
Aluminum-nickel alloy, stainless steel, and Zirecaloy-2 were used on the clad speci- 
mens. The pellets were put in water and in sodium-potassium (Nak) and irradi- 
They showed good resistance to corrosion in either water or NaK and only 
slight distortion under irradiation 

lhe results of the tests indicated that the Al-Ni cladding was the most satisfac- 
tory, and it’s been used in the fuel of Borax-4. The Borax-4, now in operation, 
was designed to test, among other things, the operation of a boiling water reactor 
transfer conditions than previous Borax reactors. 


under more extreme heat 


Initial tests have shown that the ceramic pellets perform satisfactorily at quite 


high leve ls of power. 


Homogeneous Atomics International has recently obtained AEC per- 


Research Reactor 


mission to construct a 5-watt aqueous homogeneous 


research reactor. The fully enriched urany] sulfate 
fuel solution is contained in a spherical, stainless steel vessel surrounded by 6 in. 
of lead that serves as both reflector and primary shield. The facility is designed 
to provide a low-cost, easily operated reactor for use by industrial labs, edu- 
cational institutions and research centers 
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ALCO designed-and-built components for APPR-1 include pressurizer (in shop above 
and installed at right). ALCO built plant on prime contract from Army and AEC. 


NUCLEAR COMPONENTS: 
ALCO HAS THE EXPERIENCE 


From Manhattan Project to APPR-1, ALCO nuclear com- 
ponents have led in design and operating efficiency 


omponents from ALCO are backed by experience that began 
Manhattan Project and continued through EBR, S1W, S2W, 
34G, PWR, SRE and APPR. For these reactors, ALCO built 
heat-exchanger equipment, pressure vessels, specialized 
and other items. ALCO has also been a major supplier to AEC 


on installations. 


ALCO NUCLEAR COMPONENTS 


reactors core removal and handling equipment 
reactor vessels regenerative and non-regenerative 


control-rod drive mechanisms exchangers ALCO PRODUCTS, INC. 


pressurizers liquid metal exchangers 
steam generators decay exchangers NEW YORK 
core support structures special heat-transfer equipment Soles Offices in Principal Cities 


Research facilities, complete welding, heat transfer and mechanical 
labs, and the first privately owned criticality facility in industry, help Resemtives © Bisel Gatien 
ALCO continue to offer the most advanced component designs Nuclear Reactors * Heat Exchangers 
Springs + Steel Pipe + Forgings 


Consult ALCO for nuclear components of any type. Contact the nearest 
Weldments + Oil-Field Equipment 


ALCO sales office or write Thermal Products, Dept. NC-2, P. O. Box 
1065 henectady 1, N. Y. 
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Report on the Venice Conference 





Thermonuclear Research the World Around 


By be REIFFEL Armour Research Foundation, Chicago, Illinois 


The Third International Conference 


Phenomena in Gase 


on lonization 
originally devoted to the classical prob 
Jems of gas discharge physics, was this 
the ne 


year suddenly over-run by 


breed of researchers working on the 
reactions 


the June 


control of thermonuclear 
Approximately one third of 
Venice 


dine USsSSINY 


conference held in was given 
controlled 


United 


over to papers 
fusion theory and experiment 
was the first time that the 
States and Great Britain have 


into unclassified discussions in this area 


entered 


with other nations since Igor Kurchatoy 
originally started the ball rolling by re 

vealing details of the Russian program 
at Harwell, April a year ago NI 
June 56, p, 36.) 

The conference was also notewort! 
in that it brought to light the great in 
ternational that is 
up, especially in europe, in the 


interest springing 
ubye ct 
of controlled fusion research, The 
position of this research from the world 
wide point of view can be summed up 
by saying that so far no one seems to 
have achieved a genuine controlled 
thermonuclear reaction but experimen 
tal and theoretical results are increa 


ingly encouraging 


Fusion Theory 
The 


papers on 


BESSON ol theoretic il 


four 
thermonucleonics fell into 
two general classes. One 
with — the 
plasma, either fully or partially ion 
ized, and attacked the very difficult 


questions of computing pl sma conduc 


rroup wa 
u 


concerned properties of 


tivity and other properties, especial! 
those needed for purpose 
measurement It is clear 


method ind 


ot tempera 
ture that 
both 


methods still leave much to be desired 


microwave optical 
as techniques for measuring properti 
of plasmas achieved in experimenta 
apparatus 


A second grouping of the theoretical 


the 


ions 


concerned the stability of 
effect 


across magnetic fields, 


papers 
the motion of 
A. Schliiter and 


pinch and 
R. List at Gottingen (Germany) pre- 
ented an interesting idea for achieving 
high plasma temperatures by means of 
magnetic cycling in a conducting gas. 
The 
crease the particle velocity in a plane 
After suffi- 


time is allowed for collisions to 


magnetic field is first used to in- 


perpendicular to the field 
cent 
transfer some of this increased energy 
into components parallel! to the field, 
This 


does not affect the gain in energy due 


the magnetic field is reduced. 





British Pinch-Effect Apparatus* 


Pet l 
s10718 
Origt- = after 
Veu 


appa 


nal Kurch 
appa alot 


ratus speech ralus 
Potal « apacity 


microfarads) 113 162 100 
Max voltage 
kilovolts) 10 
lunergy 
10)? 


Inductance 


joules 


henries 
10%) 
Short cireuit 
irrent 
imp x 10° 


Rate 


urrent 


ot rise ot 


Lp / Bee 
Quarter evele 
time (micro 
econds 
Number of 
park gaps 10 
Breakdown time 
ot park mips 
micro 
econds <0.05 


<0.01<0 0] 


based on work at 


presentation by 8. C, Curran 


Aldermaston 





to the velocity components parallel to 
the field so that the gas is left hotter 
than it The heating 
cyclically 


theoretically leads to very high tem- 


was originally 


process can be done and 


peratures, The same process can be 
applied in a slightly different way using 
a beam of particles which is accelerated 
and injected into a magnetic field con- 
higuration capable of confining the par- 
ticles until randomization of the veloci- 
ties can occur 

M. Rosenbluth of General Atomics 
A.) and R. J. Tayler of Harwell 
both theoretical 
work on the pinch effect with axial 
magnetic field They 
showed that a field applied 
along the axis of a linear pinch can re- 
stability 
tosenbluth pointed out that if 
the 
field strength in the region outside and 


U.8 
(england) described 

stabilization 
magnet 


sult in a high degree of 
one 
considers difference in magnetic 
inside the ionized gas, then it appears 
that a linear pinch which has infinite 
conductivity and is surrounded by an 
conducting wall (for 


external coaxial 


the return current) will be absolutely 
One difficulty 
of an axial field is that it makes 
“stiffer” 


it hie able 


stable introduced by 
the use 
the pinching discharge much 
reduces the 


ind, thereby, 


temperature, 


Fusion Experiments 


The greatest excitement was iroused 
de- 


criptions of recent work in Swe den and 


two hurriedly scheduled brief 


england 
K. Siegbahn of Uppsala (Sweden) 
presented a detailed description of the 
study pinch 
work 
the 


apparatus he is using to 


effect (the 


f 


story of some of his 


broke in the newspapers betore 


His 
of 120 0.5-ufd condensers at 50 ky 
He ha 
10-* henries and usual works at volt 


wes between 20 and 30 k The ca 
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conference apparatus consists 


ichieved an inductance of ! 





ors are simply arranged on a table 


1a circle about 6 ft in diameter 


discharge tube is positioned at 


the circle. 


tself is 60 em in length and 28 em 


enter of The pinch 
imeter and is switched onto the 
rs by means of a single trig- 
spark gap. 
point in Siegbahn’s apparatus 
to be that 
des in the pinch tube (there is 
lat electrode at 
This 
nt ivoids the sputtering which has 


he has covered his 
each end) with 


iin dises artifice appar- 
iwued other experimenters and allows 
1intenance of relatively pure gas 
tube Neutron production in 

ch is sensitive to impurities and 
is precleaned by running a low 

t discharge at higher than nor- 
operating voltage prior to starting 
ch experiments, 
gbahn gets the neutrons usually 
econd and third contraction (or 
of the pinch and interestingly 
weasionally observes neutrons 
first and second bounce or some- 
en in all three bounces 
bounces seems to be the stand- 
The 


ber of neutrons obtained in a single 


imber in a linear pinch.) 


ot ~10' and results from a current 
100,000 amp applied with a 3-pse 
t ‘ He 


production by 


has confirmed the neu 
activating silver 
has achieved levels of about 
n such foils. Since the usual 
experiments do not yield neu- 

the first contraction it was 
that Siegbahn has some as- 
built 


h produces neutrons by an 


cal property into his 
ration mechanism 

mahin’s brief report was followed 
unscheduled discussion by 8, ¢ 
their 
Iing- 


ind his 


effect work at Aldermaston 
He mentioned that their group 


associates on 


otten interested in the pinch effect 
two years ago and have so far 
ind ope rated two sets of equip 
th a third apparatus now under 
The 
modification of 
heard the 
The tabl 
the significant parameters of all 

The big 
into oper 


ction second apparatus 


tually a their 
yn after the now- 


Kurchatoy Spee hy 


Curran’s machines 
has not vet 
With his 


imeter by 


gone 
second machine it 
2s-cm-long quartz 
used for the discharge and 


ailable to apply it 


vere i 
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any 1 he n et 


longitudinal field up to 1,600 gauss 


In all cases the « apacitors are connected 


to the discharge tube by coaxial cable 


and the charge on each capacitor is ap- 
plied to the discharge through indi- 


vidual, but simultaneously triggered 


spark gaps. This group reports that 


it is “‘easy to get neutrons” and they 


suggest that impurities are not as im- 
as other groups seem to feel 


With their 162-ufd machine 


portant 
they are 
they obtained ~ 10° neutrons and found 
they could tolerate as much as | or 2% 
without 


nitrogen in the deuterium 


much change in the neutron yield 


They observed neutrons on every dis 


to neutron ratio in their D pinches is 
<10°%. They find that 
in their D pinches are 
0.5-l-usec bursts and come 
at the third 

(6 times out ol 


the neutrons 
emitted in 
generally 
bounce. Occasionally 
500) they 


5-10 times greater neutron yield 


observed 
In the formal sessions 8, A. Colgate of 
Livermore described the results of U.S 
pinch-effeet experiments done prior to 
The results 
are quite similar to the Russian results 
~1lO 


the Kurchatov disclosure 


in that the neutron production 


neutrons per discharge agreed with 


that expected for a true thermonuclear 


reaction, The Livermore group has 


THERMONUCLEAR BULL SESSION. Venice Conference provided many opportunities 


for informal exchange among thermonuclear researchers. 


Shown here starting oat 


extreme left and proceeding clockwise are Akiezer (USSR), British interpreter, R. F 
Post (Livermore), J. L. Tuck (Los Alamos), Dernirchanov (USSR), U. Facchini, conference 
secretary, S. A. Colgate (Livermore), W. Allis (MIT), unidentified individual, Melvin 


Gottlieb (Matterhorn), and R. List (Gottingen). 


With 


neutron 


> 6° nitrogen they 
yield 
but they still get 
With 7-11& 
neutrons im about 
but the yield 

When they ap 
field of 


neutrons 


charge 
found the 


about a factor of 10 


Wits reduc ed 


neutrons on ever hot 
impurity, they get 
30% of their shot 


down 20 to 50 time 


Wiis 


magnets 
yield of 
At 1,600 gauss 
they get an additional factor of 2 reduc 


plied a longitudinal 
1,000 
dropped a factor of 10 


gauss, the 


tion in the yield. This behavior in a 
field combined with the rela 
tive insensitivity of neutron produc tion 
that a different 


operating from 


magnet 


to impurities indicates 
mechanism must be 
that observed 
The 
high 


it I ermore 

looked for 
light H 
observe 


X ray 


" 
Ienglish yroup also 


voitage X-ra Irom 
inal f to 


d that the 


pine hes but 


were 


(Photo supplied by Colgate) 
been able to prove experimentally hiat 
the 
that 


! 


tussians had surmised earlier— i. 
the observed neutrons are not of 
Measur ne the 


nuclear 


thermonuclear origin 
emulsion 


showed that the center of ma of the 


neutron energies in 


reacting particles had been accelerated 
along the tube, so that the mechanism 
producing its neutrons was similar to an 


accelerator beam triking a target 
rather than to a hot plasma reaction 
like that in the interior of the sur 

The Livermore group sugges 
the observed neutrons are dus 
terons which are accelerated 
electric fields created | the 
so-called m 0 Or Bal 
bilities in the pin h 
ing rapid change in ina 
produce fields of suffi 


Continued or 





: 


3.135 + 0.0059 


U4% POWOER 





FIG. 1. 


Steps in fabricating Teflon fuel elements 


Teflon Critical-Experiment Fuel Elements 


By J. L. SWANSON and F. H. WELCH 


Aircraft Nuclear Propul ion Dept 


Teflon, polytetrafluoroethylene, ha 
the body of a 


fuel element 


been used for critical 


experiment containing a 
dispersion of enriched 
The selection of thi 


material was based upon the following 


homogeneous 


uranium oxic 


eriteria 
1. A flexible, sheet-type element pro 


vides a high degree of versatility for 


critical experiment Usige because it can 
be used in layers equivalent to sheets 


of metallic or ceramic materials in a 


variety of direct-cycle fuel-element 


configurations 


2. The Teflon molecule i 


COMPOse dl 








ile ets 75 
Pile Exposure (io! neutrons /c m* ) 
FIG. 2. Tensile strength of standard 
4.5-mil Teflon fuel element as a function of 


reactor irradiation shows drastic decrease 
but shelf life (Fig. 3) is actual limiting factor 


90 


General 


Klectric Co,, Cincinnati, Ohio 


of carbon and fluorine atoms, both of 
vhich have relatively low neutron cross 
ections 

3. The quantity of 
UO) 
ment is equivalent to 0.001-in.-thick 


uranium oxide 


is controlled so that each el 


uranium foil 
4. The 
stable oxide form, U,QOxg, eliminated the 


use of uranium in the most 


problem of air oxidation, as is encoun- 
tered with metallic uranium or uranium 
illoys 

5. The low decomposition tempera- 
ture of the Teflon (735° F) insures that 


in the event of a temperature excursion 


i critical experiment will fail at a 
much lower temperature than a criti- 


cal experiment composed of metallic 
elements 


é. The 


covered 


oxide Is easily re- 


Ti flon by 


the fuel element in ai 


uranium 


from the heating 


Fabrication Process 


\ process was developed whereby an 
aqueous suspension of Teflon could be 
mixed with uranium oxide, coagulated, 
dried, and hot-pressed to form a tough 
sheet sheet 


of the final process is shown in Fig. 1; 


pliable A graphic flow 





1600 











6 


FIG. 3. 


ments. 


Time 


8 10 i2 14 
(months) 


Shelf-life study of tensile strength of enriched- and natural-U Tefion fuel ele- 
Greater activity of U*** leads to greater radiation-induced damage 
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(J [ BERYLLIUM 


..unique properties valuable 
for a wide range of applications. 


LIGHT WEIGHT—1.84 gr/cc 


HIGH STRENGTH—80,000 psi (@ 70° F. 
(EXTRUDED) -—45,000 psi (@ 900° F. 


HIGH MODULUS— 44.3 x 10° psi. 
HIGH MELTING POINT—2340° F. 


CORROSION RESISTANCE—to air, water and 
liquid metals 


GOOD MACHINABILITY 
GOOD THERMAL PROPERTIES 


LOW NEUTRON-CAPTURE X-SECTION 





HIGH NEUTRON-SCATTER X-SECTION 


6000 pounds of QMV Brand Beryllium 

Metal machined to close tolerance for 

reflector area of the Materials Testing 

Reactor, Arco, Idaho. 
0.6 GRAMS of high purity 
QMV Brand Beryllium, 
per piece, machined to tol 
erance of +.0002” per 
in. These pieces are used 
in missile control systems 


Pure Beryllium Metal has a wide range of uses in Nuclear Energy applications. Investigations now in progress show 
potential uses as structural members for airframe applications and airborne guidance devices. 


(prylliun 
PURE BERYLLIUM METAL Ni — 
BERYLLIUM-COPPER PURE BERYLLIUM METAL 


BERYLLIUM MASTER ALLOYS QMV 
BERYLLIUM OXIDE e BRAND 


THE BRUSH BERYLLIUM COMPANY, 4301 PERKINS AVE., CLEVELAND 3, OHIO 
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NEWEST OF 5 


MICRO-MICROAMMETERS 


412 Log Model indicates from 10° to 10°? 


ampere on a single six-decade scale 


STABILITY, cconomy, and fast response are 
all combined in this versatile logarithmic 
instrument, Typical uses of the new 

Keithley 412 include reactor control, radiation 
monitoring, materials testing, and 
measurement of other widely varying micro 


currents from sources of one volt or more 


KEITHLEY MODEL 412 
LOG MICRO-MICROAMMETER 


FEATURES include a single range of six 


decades from 10°! to 10°’ ampere, accuracy 
of 0.2 decade, zero drift within 0.5 decade 

in eight hours, and response time of less than 
2 seconds to 90% of currents larger than 10°!” 


ampere with 5000 mmf across the input 


IT’S SIMPLE to set up and use. The sole 
operating control is the on-off switch. It 
has only three calibration potentiometers, 


and reads out on a six-inch illuminated meter 


CONNECTORS furnished include a 216-volt 
tap for polarizing ion chambers and a 
single-ended 6-volt output that drives both 
50-millivolt and 5-milliampere recorders 


The instrument is furnished for bench 


or rack mounting. 


NEW CATALOG B contains detailed data 
on the 412 and all other Keithley Instruments 
A request on your company letterhead will 


bring your copy promptly 
KEITHLEY M 
INSTRUMENTS, INC. 
12415 Euclid Ave., Cleveland 6, Oho 
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Production Process 


Step Specification 


3.079-3.141 gm U,O, (0.010 gm 


added to allow for punching of 


Weighing 
holes Weighing limits 3.135 

t 0.005 gm 

5.18 0.02 gm 


(automat 


Teflon 


b ilamatic 


Mixing sus 
pension 
pipette) 

Liquid 

Partially oven-dried, moist wad 

Wf Teflon U,Os remaining 

, zero pressure, 30 sec 
~ 25,000 Ib, 144 min 
25,000 Ib, 20 


removal 


Vreheat 
Hot press 
Cold press ater-cooled 
Weigh Mettler balance 

X.XXXX 

identification 


Number Impression of 


number—upper right hand cor 
ner 

l'rim Remove large extrusions with 

scissors 

or flash 

ings by flaming over burner 

Any losing 0.100 


gm of 


blame temove all extrusions 


Reweigh fuel element 
more rejected as low in 


weight of oxide 





table 
The 
designed 


the stepe in de 
tail 
( ially 


pressing 


ives process 
hot-pressing dies were spe- 
and standard Loomis 
changed to 


steel By 


were 
tool 


platens 
thick, air-hardening 
introducing the double-weighing tech- 
nique of the hot-pressed fuel element 
as shown in the table, approximately 
09% of the finished fuel elements were 
shown by chemical analysis to contain 
3.1 ¢mofU,Og + 1%. 

Approximately 60,000 natural-U fuel 
elements were fabricated in the course 
When fabri 


cation of enriched fuel elements began 


ol process dey elopment. 


maximum production rate was 320 fuel 
S-hr shift 
under the limitation 


elements per Production 
was carried out 
of | kg of U,Os per shift in the pro 
duction area 

After a total of 26,820 enriched fuel 
produc 


The 


elements had been fabricated 
tion activities were discontinued 
production figures are as follows 
21,498° 
CGood-analytical samples 784 
(jood-test samples 34 
1,504 


Per cont scrap 16 j 


Ciood-available 


mv rap 


The percentage of scrap from the 
total production was 16.8%, which was 


hundred 
rejected 


* Five 


were 


twent even 

during a t ot 
cal experiment as a precaution to 
ossibility of falloff of small frag 


venly rounded corners 


was established after the fuel 


rom une 
s criterion 


ments were fabricated 


ANTON... 


where precision 


COUNTS 


229 
| Ratemeters 
| ae 


# | 


The most precise laboratory ratemeter avail- 
able, Anton’s 229 Series has 7 scales, in- 
cluding a single log scale from 300-50,000 
cpm with accuracy of better than +2% of 
meter reading above 1/3 scale. It has dual 
range input sensitivity and provides precise 
and efficient measurement of radioactivity 
in industry, research and medicine. 


Portable laboratory or field survey meter 
(.5; 5; 50 mr/hr full scale) is built to FCDA 
specifications—the only CDV-700 type 
survey meter which can be exposed con- 
tinuously to high intensity radiation without 
detector failure. Probe uses Anton halogen 
quenched, very thin stainless steel 
counter tube, Accuracy assured from -55°C 
to +75°C. 


wall, 


a4 


Ratemeter 
x 


\ 
Low-cost, accurate, dual range (0-5000; 
0-50,000 cpm) . exclusive input design. 
Supplied with Anton long-lived, stainless 
steel, halogen quenched, thin wall (30 
mg/cm*) counter tube or a wide range of 
other tubes. Unit features a jack for external 
meters, terminal board construction and 
oscilloscope connections. 


6001 Sample Changer 


= 


For quick, accurate measurement of low in- 
tensity radiation. Designed for use of one or 
two Anton pancake type, high beta sensi- 
tivity, low background counter tubes. Pro- 
vides 2’ lead plus 3/16” aluminum shielding 
in all directions, lowering the background 
count by a factor of from two to four. Makes 
possible counting geometry of nearly 100%. 


Write Dept. NI for complete catalog of 
Anton nuclear tubes and instruments. 


ANTON ELECTRONIC LABORATORIES, INC 
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completion of the production 


ess than anticipated. 


scrap elements were processed 
for recovery of UsOx mixture by heating 
the Teflon-U Ox in a platinum dish to 
iporize of the Teflon. 


Fuel-Element Properties 
ent tensile strengths were 
vith and without reactor irra- 
diatior 
Radiation studies. 
element promised at least five 


In-pile tests ol 


ice under predicted critical- 
as 
self- 


radiations limits one 


radiation conditions, 


Fig. 2. In practice 
damage from I 
more as revealed in the following study. 

Shelf-life tests. The tensile 
trengths of the Teflon U,Osg fuel ele- 
ments were measured at various inter- 
after fabrication. It was 


the 


118 Of time 
that 
with 
bonds 


yund tensile strength de- 
increasing age the 
the Teflon were 


the radiation emitted by 


creased as 


chemical in 
ittacked by 
uranium. The breaking of the carbon- 
to-carbon bond in the Teflon polymer 
tends to reduce the size of the polymer 
molecule and alter the properties of the 
ment 

ime decrease in strength has 

nd for fuel elements containing 
normal U Ox, or enriched U,Ox, 
e effect is more pronounced 


elements 


containing en- 
vecause of the greater ac- 
the 


strength of the two 


I Figure 3 shows 
n tensile 
fuel elements as a function of 
cases the tensile strength 
out after several months 

nation of enriched fuel elements 
ghteen months old shows that 
n still be handled and used with- 
we if moderate care is taken 


er } 


vending to a sharp angle or 
rack the fuel element 
Variations 


modifications 
Os 


Several experimental 
ide to the standard Teflon-l 
ent in an attempt to increase 
tance to radiation from the con- 
to 
e the useful life of the elements 
ided the use of an 0.003-in 
ladding hot-branded to the 


iranium and consequently 


). fuel element, doubling the 

Teflon in the formulation 
ng the U,Os particle size. 
f these 
irticularly better than the one 


ed here 
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ilternative formulations | 


Do YOU Seek Definite 
Improvement in--- 


470 


0 Oo 


Evacuation of Lighting, TV or Radio Tubes 


Purification of Germanium, Selenium and 
Silicon... and Crystal Growing 


Vacuum Curing of Transistors, Diodes and 
other Semi-Conductors 


Purification of Metals under Vacuum 


Vacuum Impregnation of Condensers, 
Transformers, Windings, Cables, etc. 





Vacuum Metallizing and Metal Evaporating 


® 


HIGH VACUUM 


for work in the 
low micron region 


KINNEY Simplex and Duplex 
Single-Stage Oj! Sealed 
Mechanical Pumps afford a 
choice of 9 models with dis- 
placements from |3 to 780 cfm 
and ultimate pressures to 10 
microns (Mcleod). Compound 
Pumps in 4 sizes — 2.0 to 46.0 
cfm — develop vitimate pres- 
sures to 0.2 micron (Mcleod). 


Write for bulletins on new 
developments in KINNEY 
Pumps and High Vecuum 
Systems. 


for high pumping speed 
in the low micron region 


KINNEY Mechanical Booster 
Pumps in 4 models with dis- 
placements from 30 te 5000 
cfm. These revolutionary 
Pumps produce a cleen, dry 
vecuum in the 0.2 micron 
(McLeod) range or better with- 
out use of cold traps or baf- 
fles. Widely used in metal- 
lurgical and electronic work. 


for metallizing and lab- 
oratory evaporation work 


KINNEY completeHigh Vacuum 
Systems embrace @ compre- 
hensive selection of Evapora- 
tors, Furnaces, Curing Ovens, 
High Vecuum Pumping 
Systems and Power Units. 
KINNEY-built equipment re- 
flects the know-how of extre 
yeers of experience in High 


KENNEY wesc. oivision 


THE NEW YORK AIR BRAKE COMPANY 





3614H WASHINGTON STREET 


BOSTON 30 . 


Vacuum technology. 
§) 


MASS 


Please send me literature on 
© KINNEY High Vacuum Pumps 
(1) KINNEY High Vacuum Systems 


Name 
Company 
Address 
es 


Zone..__ State___ 





NEW 
CATALOG 


of radtoactive chemicals 


and technical services 


This catalog is the most comprehensive ever 
published in the nuclear field. It describes the 
consulting, analytical and research services 
offered by Traceriab together with a listing of 
the isotopically labeled compounds and radia 
tion sources now available. These products 
are the result of our full decade of experience 
in the design, development and manufacture 
of nuclear instruments, as well as our long 
record of consulting on radiochemical problems 


Prepared specifically for those engaged in 
nuclear chemistry and applications of radio 
activity, it will prove a useful and helpful 
reference in many ways 


TECHNICAL SERVICES 

Consulting 

Radioanalytical Services 

Training Courses 

Procurement of Radioactive 
Materials 


ISOTOPICALLY LABELED COMPOUNDS 

Carbon-14 Labeled Compounds 

Alphabetical List, C-14 Labeled 
Compounds 

Deuterium Labeled Compounds 

Tritium Labeled Compounds 

Important Radioisotopes Available 
for Labeling Chemicals 

Short-lived Isotope Labeled 
Compounds 

industrial Process Tracers 

Radioiodine Services 


RADIOACTIVE SOURCES 

Radiation Reference Sources 

isotope Sources Not Requiring 
AEC Approval 

Radioisotopes for Educational Use 

Medical Sources 

Radiography Sources 

Multicurie Sources for Radiation 
Chemistry 

USEFUL TABLES 

Beta Emitters 

Hard Gamma Emitters 

Available Radioisotopes Listed 
According to Half-life 


Write for your free copy today. 


Tracerlab — 


1601 Trapelo Road * Waltham 54, Mass 
2030 Wright Avenue * Richmond, California 





Offices in principal cities throughout the world. 
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Glass Fibers—A New Form for 


Reactor Fuels 


By P. HARTECK and S. DONDES 


Chemiatry Department, Rensselaer Polytechnic Institute, Troy 


Uranium, plutonium and thorium 
can be incorporated as oxides in glass 
fibers to make nuclear-reactor fuels hay 
ing unique properties. In a reactor so 
fueled and used as a radiation-chemis 
tr’ ource, recoil energy is readils 
ii ailable 
heat 


heat-transfer 


from fission product As a 
fibers 


suriace 


source, the offer a large 
The deve lopme nt of these fibers was 


inspired by the desire to use fission 
more efhiently 


Processt Wi 


a method 


product recoil energy 
in radiation-chemistry 
have previously deseribed (/ 
for fixing nitrogen by bringing air into 
contact with a fine dispersion of fission 
in the es 


only LOY 


ible material. However 
finely diy 
of the fission products escape to trans 
the 


By incorporating the fission- 


ided uranium oxide 


fer their energy to chemical re 
ictants 
ible material in l-micron glass fibers 
fission-product utilization can be in- 


creased to >60% in the gas phase. 


Fiber Fabrication 


rhe fibrous glass may be prepared by 
iny of the conventional methods For 
example, the continuous-filament proc- 
ess may be used, particularly for 


These 


shapes. 


can be 


One to 


oarser fibers woven 


into various hive- 
micron fibers may be made in the form 
and the density changed by 
0.005 gm/cm'* to 
Fibers 
softening 


to above L.Oo0” © 


ol wool 
compression from 


ibout 1.0 gm/em*, can be 
manufactured with 
Irom be low 600° C 


Fibers containing fissionable mate- 


points 


rial. Fibers can contain uranium-233 


uranium-235 or plutonium-239, | 


should 


necessitate no change in the process 


fibers have been made: | 

In the case of Pu*®®*, the radiological 
hazard and toxicity may conceivably be 
the 


Fabrication 


minimized by introduction into 


ln fibers involves in- 


orporating plutonium oxide as one of 


the melt constituents The prelimi- 


nary glass patty is formed in a closed 


tem designed for handling pluto- 


FIG. 1. Twenty-five-micron  glass-fiber 


strands containing 10% U,O. 





What Fibers Have to Offer 
as Reactor Fuel 


@ Large heat-transfer area 

@ Chemical and thermal stability 

@ Operation up to 1,000° C 

@ Wide variation in content of fissionable 
and fertile material 
Versatility of structural form 
Fission products continuously removed 
by cooling medium 
Simple, inexpensive and conventional 
fabrication 
Simple reprocessing 
Inexpensive raw materials 





rhe remelted and 
ssed into fibers 

stability of the 
than that of 
This is 
self-annealing characteristics of glass, 
Keven | 


nium patty is 


pro { 
The 


greater 


may be 
metallic fuel ele- 
due to the 


fibers 


ments primarily 
micron fibers are not damaged 
cooling, i.e., with CO, or helium. 
Fibers with softening points approach- 
ing 1,000° C are in the realm of possi- 
rhis would exceed the melting 
640" C The 


normally stable to oxidizing 
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bility 
point of plutonium 


fibers are 





ducing gases and have only a 
ght solubility in boiling water. 
Reprocessing the fibers involves sim- 

treatment with hydrogen fluoride 
fluorine and separating the gaseous 
and UF. by 
Other fluo- 
neluding fission products, are 

atile 
Fibers containing fertile material. 
Fert i.e., U2* and Th?*, 


fibers in the same 


tetrafluoride 


il condensation. 


materials 
put in glass 
the fissionable materials for use 
der reactors 
case of Th?*? 
the 


it is in a form In 
than 
thermal-capture 


constituents other 
low 


Thus, 


10% thorium by weight, 90% 


have 


tions for fibers con 


ibsorbed neutrons cause trans 


on into fissionable U2*4, Since 
percentage of the fission prod 


the U 


be used directly 


ie fibers 253 contain- 
as fuel 


pensive 


reprocessing 


Radiation Stability 


lo determine the effects of radiation, 
mntaining uranium oxide (U,;Os, 
rradiated in the Brookhaven 
il | reactor. These 
1d a softening point of 650° C 


iboratory 


One-micron fibers 
UsO¢ 


Natural uranium. 
ntaining 2% natural were 
ited 


Che 


ntainer in 


for 24 hr at room tempera- 
wool was sealed in a fused- 
an atmosphere of 
The neutron flux was 
( There was no evi- 
| radiation damage. 
1OYG 
were irradiated in 
C for 10 days. The 


10'? n Again 


containing natural 
oxide 

at 175 
vas 3.8 em? 


BCC, 
ere was no evidence of damage. 
Enriched 

ning 10% uranium oxide enriched to 


to0% I 


uranium, Samples con- 
were irradiated under 


conditions as for the previous 


the 
ol tended to sinter together at 
This 


erheating due to poor heat dissi- 


der the vacuum conditions 


200° ¢ was caused by 


vacuum, The sintering was 
in a helium atmosphere, even 
itively low pressure. In air at 
{) atmosphe res, there was prac 
Oo sintering 

fiber 


composition tested did not 


brittle at room temperature 


igh a fiber with a softening point 


000° C may become brittle at room 
it should work well in the 


100° ¢ 


rature 


ral yf} 
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To deter- 
fiber diameter on 


Effect of fiber diameter. 
mine the effect of 
radiation stability, 25-micron fibers 
10% 
riched to >90% | 
3.8 X 10'*? n 
178° C 
3.0 * 10" n 


containing uranium oxide en- 
were exposed to 
cm?/see in vacuum for 30 
days at Another sample was 
exposed to em?*/sec in 
for 10 100° C. In 


neither case was sintering or damage 


vacuum days at 


observed However, there was an ap- 
parent loss of strength. 
Tensile strength. 


effects on 


To determine ra- 
the 
fibers 


diation fiber tensile 
containing 
> Of / [246 


em?*; sec 


strength, 25-micron 
10% uranium enriched to 
were exposed to 2.5 * 10" n 
atabout 45°C. The fibers were wound 


on aluminum support rods in alumi- 
num containers filled vith air at atmos- 
pheric pressure 

After 
aluminum rod 


the 
were bent out of shape 
the 


irradiation for 681 hr 


no visual effect on fibers was 


The fe 


were mace 


noted measurements 


ing 


Irradiation time Tensile strength 
hr Ib/in,?) 

0 (blank 243,000 

76 72,000 

65,000 

61,000 


226 


OS] 


Extrapolation of these results indicates 
adequate tensile strength without de- 
formation for complete consumption of 
[724 
strength of the 


This compares with the tensile 
following unirradiated 
materials 
60,000--70,000 > tron (an 
nealed), 50,000-60,000; and platinum 
wire, 50,000 
Surface effects. 
radiation effects on the fiber surface, 


copper wire (hard 


drawn), wire 


To determine ir 


electron shadowgraphs were taken of 
the blank sample and the sample irradi 
ated for 681 hr. These 
the illustration 


are shown in 


The fibers appear to be severely cor 
roded Fresh fibers should have a per 
fectly smooth surface at this magnifica 
The 


the irradiated fibers may be due to the 


tion, more severe corrosion of 
higher temperature used during irradi 
It is anticipated that the devel- 


opment of a 


ation 
more durable glass fiber 


will alleviate this problem 


Fission-Product Utilization 


Measurements were made to deter- 


mine the efficiency of utilization of re- 
coil fission fragments from glass wool 

Ten-milligram samples of 1-micron 
1lOY 


uranium oxide enriched to >90% U*, 


wool were prepared containing 
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Street, Dover 
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Street 
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shipping containers are available for customers throughout the US. We 
can provide our customers all necessary protective clothing 
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Phone: Yellowstone 5-6150 
Walnut Creek, Calif. 


NUCLEAR ENGINEERING COMPANY, INC. 
2600 NORTH MAIN ST, WALNUT CREEK, CALIF. 


Specialists in the Unusual 


Aluminum Wine 


To fill a need for high temperature 


insulation in a high conductivity wire 
Precision drawn to close resistance 


control in the smaller sizes 


Write for List of Products 
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WESCON 
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FIG. 2. Electron shadowgraphs of 25- 
micron fibers containing 10 % uranium oxide: 
top, unirradiated; bottom, 681-hr irradi- 
ation with flux of 2.5 « 10'* n/cm*/sec 


The samples were sealed in fused-silica 
vessels in an atmosphere of ammonia 
or methane at about 10 atmospheres 
The irradiation flux was 2.5 « 10" 

sec at 10° C for 1-2 hr 
e gaseous products were measured 
by low-temperature vapor-pressure 
techniques. It was determined that 
60-75% of the kinetic energy of the fis- 
sion fragments had been absorbed 

n the gas phase 
Che methane produc ts were predomi- 
nantly hydrogen and ethane, with 
imounts of higher hydrocarbons 
~10). The ammonia prod- 
vere nitrogen and hydrogen, with 
mall amounts of hydrazine 
~5 

similar irradiation in liquid am 
products were nitrogen, hydro- 
») and small amounts of hydrazine 
cated SO-90% of the fission-frag- 
ent energy had been transferred to 
liquid phase. This improvement 
ergy transfer can be ascribed to 
higher liquid density, shorter fis- 
sion-fragment range and consequently 


ver fragments absorbed by adjacent 


determine the fraction of the fis- 
lragments ejec ted from the fibers 

into the gases and liquid, the fibers 
ere measured, after liquid evaporation 
and removal from the vessel, for gamma 
diation with a counting-rate meter 
The fibers were then washed with a 


warm dilute solution of nitric acid and 
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In the case of the gas irradi- 

untreated fibers read 13,000 
th a background of 55 epm; 
eatment, the fibers read 2,200 
From the liquid irradiation, un- 
hibers read 9,900 cpm with a 
background and 340 cpm after 


eatment 


Applications 


Glass fibers containing fissionable 


material offer possibilities 
ition in two general fields: (1) 
ion product recoil energy tor 


n-chemical 


Processes ; 4) as 
l testing and power reactors 
Radiation chemistry. 


radiation chemistry 


Fuel elements 
for u n would 
|-10-micron-diameter fibers 
|-5O% by weight of I 
r Pu 

te, the most promising example 
reactor 


Core 


cing chemicals with 
118 nitrogen fixation (J) 
l burned up will produec 
NO, 


omplished primarily in 


250 tons of Although our 
vas act 
tat stems, at our suggestion 
t dynamic-flow experiment has 
erformed (3) in a loop in the re 
the Brookhaven reactor 


| x 10 n/ cn’, sec Boron 
mtitute a 


fiber to 


lor uranium as & 


give the reaction 
with an alpha energy ol 
> Me The Li 


fiber and therefore be 


may remain 
omitted 
ficiency consideration. Coolant 
6 atmospheres and 100° C 
Nitrogen dioxide was produced 


HNO 


Wiis 


but the efficiency of the 
not yet been evaluated 


radiation for synthesizing 
from hydrocarbons is being 


We are 


containing 


investigated. 
this using fibers 
»xide is less than 0.1% 
radiation 


rbon dic 
ed by 


out 29 


lOniZing 
NO, to the CO 


m monoxide 


pro- 
and oxygen 
of 8-9. The products may be 
r heat or the carbon monoxide 

1 oxygen and used in the 


vwch reaction for syntheti 


ewhat related technique is the 
m of high-level gamma-ray 
r sterilization and other proc- 

on products, which are ex 
can be continu 


the 


the hbers 


ed with coolant and 


f arated trom it 
Test and power reactors. For 
testing and heat-source pur 


rlass fuel may be used in the 
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form of fibers, rods, tubes, ribbons, ete., 
of 10-1,000 microns. The pressure 
drop through the glass wool may be 
made relatively small, and the fibers are 
extremely low in cost compared with 
other forms of solid fuel elements. 

The low thermal-neutron-capture 
cross sections of the glass-fiber mate- 
rials lend themselves to use in a high- 
flux materials-testing reactor. For ex- 
ample, with about 450 liters of heavy 
vater as moderator and coolant, a cool- 
ant temperature rise of 30° C and flow 
of about 450 liters/sec, a flux of about 
5 & 10'*n/em?*/secisobtainable. The 
power of this reactor would be about 
57 Mw. This possibility is enhanced 
by the lower costs of fuel processing and 
fabrication 

Cras-cooled power reactors operating 
at about 1,000° C could use glass fuel. 
Aluminum silicate and silica-glass fibers 
are now used in insulation devices oper- 
ating at 1,100° C incorporation of 
fissionable material should not radically 
reduce the softening point. Since a 
large proportion of the fission fragments 
are transferred to the coolant stream, 
they are readily separated by filtration, 
adsorption or electrostatic precipita- 
tion. High-temperature steam may be 
produced directly but depends pri- 
marily on the solubility of the fibers 
under these conditions; slightly acidic 
water may overcome this problem, 

There is a further advantage for 
breeder power reactors Fission-prod- 
uct recoil from the fiber surface would 
leave the fibers virtually free of fission 
products. Thus, processing to sepa- 
rate out the fissionable material would 


hye simplified. 
> * * 


The authora wish to thank Dr L. G 
Bassett of the Chemistry Dept., R. P. 1., and 
the membera of the AEC Schenectady Office 
Jor their cooperation and assistance in this 

or} The authors also wish to thank 
VU. For, R. Powell, J. Floyd, F. Reeve and 
WV. McKenna of the Reactor Dept, at Brook- 
haven National Laboratory for their excellent 
advowe and assistance 

The authors would like to acknowledge the 
kind cooperation of the Owensa-Corning 
Fiberglas Corp. for developing and supplying 
the experimental samples of fibrous glass con 
taining uranium that were used in the investi 
gation The physical-property  meaaure- 
ments and electron shadowgrapha of the 
fibers before and after irradiation were made 

t the Research Laboratories of the Owens 
ning Fiberglas Corp We are indebted to 

P. Biefeld and J, W Vichener of the 

ena-Corning Fiberglaa Corporation fo 

ose cooperation and helpful auggestions 
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Whither Reactor Development? 


Some problems pinpointed by Alvin M. Weinberg 


Reactor development has been 
greatly influenced by its own nature, 
Alvin M. Weinberg believes. The 
director of Oak Ridge National Lab- 
explained to a recent con- 
ference of Latin American nuclear 
scientists that therein lies much of 
the reason why certain groups and 


orator 


certain nations are committed to 
particular reactor types. 

rhe massiveness of reactor tech- 
nology, he says—in the sense that 
hydraulics or bridge-building are 
has had these effects: (1) 
it consists of relatively few very 
hence has fairly 
limited possibilities for experiment; 
(2) each project resembles an in- 
verted pyramid, in that a single idea 
requires an ever-increasing amount 
of effort for its implementation, and 
hence few of the 100-odd possible 
reactor types can be worked on 
seriously; (3) the reactor experi- 
ment—a relatively small-scale re- 
actor embodying some, but not all, 
the essential features of a full-scale 
has become an accepted 


massive 


large devices, 


reactor 
developmental device for reactor 
technology, removing some of the 
expense and inertia involved; and 
(4) the technology has so much 
inertia that once a line of develop- 
ment is chosen it becomes difficult 
to move to another line. 

Thus the history of a line of de- 
velopment weighs almost as heavily 
as its intrinsic merit in deciding the 
For example the preponder- 
ance of pressurized-water 4 in 
the U. S. civilian program is largely 
attributable to the original great 
success of Nautilus, Weinberg says 
The lack of concern with gas-cooled 
systems in the U. S., on the other 
hand, is connected partly with the 
relatively high capital costs of these 
systems which make them less at- 
tractive economically wherever high 
fixed charges prevail, and partly 
with the original inconclusive at 
tempt to develop the Daniels pile, 


future 


Vol. 15, No. 8 - August, 1957 


a high-temperature, gas-cooled ce 
ramic reactor 


Gas or Liquid Coolant? 


Among the which 
there is sharp disagreement among 
competing groups is the matter of 
coolant choice: gas or liquid? Gas 
systems because of their size seem 
to have higher capital costs, but 
this tends to be he sre by lower 
operating costs, thanks to better neu- 
tron economy. Conversely liquid 
systems have lower capital costs, 
being smaller, and higher operating 
costs, having poorer neutron econ- 
omy. Thus, Weinberg points out, 
the choice between the two is much 
affected by the bookkeeping. In 
Italy where private utility fixed 
charges are extremely high, a pres 
surized-water reactor has 
bought; in England, where the book 
keeping makes fixed charges lower, 
gas-cooled systems are in strong 


issues on 


een 


vogue, 


Solid or Liquid Fuel? 


Another, more fundamental area 
of disagreement among reactor de 
signers is fuel choice: solid or 
liquid? Weinberg paraphrases this 
to ask “whether a reactor is basically 
a chemical plant (homogeneous) or 
a mechanical plant (heterogeneous ) 
Is the essential rationalization of re 
actors to be a mechanical rationaliza 
tion, or a chemical rationalization?” 

The essential difference between 
the two types is strikingly borne out 
by comparing the Experimental Boil 
ing Water Reactor and the Homo 
geneous Reactor Test. EBWR_ is 
representative of heterogeneous, 
HRT of homogeneous reactors; one 
looks very simple, the other very 
complex. As far as external equip- 
ment is concerned, heterogeneous 
fixed-fuel systems are simpler than 
homogeneous circulating-fuel types. 
On the other hand, the core of a 


homogeneous system is very miuc h 
simpler than the core of a hetero 
geneous system: there are no control 
rods and no fuel elements. This 
explains partly why the externals 
of a circulating system are more 
complicated—control depends — on 
varying fuel concentration, which 
requires a complicated system for 
strict control of fissionable material. 

Two other factors add to the ex 
ternal complexity of the 
geneous system: It combines some 


homo 


continuous chemical treatment of 
fuel with reactor operation, and, be 
cause of the need for absolute leak 
tightness, it requires a leak-detec 
tion system. The former serves as 
reminder that the aims of HRT are 
much more ambitious than those of 
EBWR in that in HRT chemical 
treatment of the fuel is an integral 
part of the system, whereas in a het- 
erogeneous reactor “chemical and 
metallurgical treatment is left as 
an exercise for the chemist and the 
metallurgist. In the heterogeneous 
system, it is the fuel elements which 
are expendable and replaceable; in 
the homogeneous system, it is the 
heat exchange equipment (and core) 
which is expendable and replace 
able. It is the belief that reliability 
and economy of the heat exchange 
equipment can be made to exceed 
reliability and economy of the fuel 
element that in a sense motivates 
the whole homogeneous develop 
ment. It is the contrary belief that 
motivates the 
velopment.” 

Comparing the various elements 
of EBWR and HRT, Weinberg 
shows that all those that are com 
plex in one are simple in the other 
and vice versa. “It is no wonder,” 
he concludes, “that there is sharp 
disagreement as to the relative 
merits of the basic principle. The 
resolution of this basic issue must 
await construction and operation of 
both reactor types.” 


heterogeneous de 
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Unesco Conference Russian papers are most numerous among the first 
on Radioisotope Use 150 selected for the coming Paris conference on uses 

of radioisotopes in research. The conference will be 
Paris, September 9-20, under the sponsorship of Unesco, the United 


Nations Educational, Scientific, and Cultural Organization 


qd in 
A total of 220 papers 
will be presented. 

Charles Coryell is the American member of the Unesco committee that is 
planning the conference. The official United States delegation will consist of 
Commissioner Willard F, Libby, Raymond Edwards, and George Manov, all of 
the Ak( Presiding at the conference will be Sir John Cockcroft, Nobel laureate 
ind director of England’s AERE at Harwell. 

l'wenty nations are represented among the first 150 papers, abstracts of which 
The USSR is the big contributor with 41. 
The United Kingdom has contributed 26, France 23, Belgium and the United 
13 each, Japan 10, the Netherlands 5, and Sweden 3 


each of the following countries: Canada, Czechoslovakia, Denmark, 


vere recently released by Unesco. 
States Two papers have 
come trom 
Israel, Poland, and Spain. These countries have contributed one each: Australia, 
kigypt 

Plans for the conference were drawn up by a committee representing nine 


Finland, Germany, Ghana, New Caledonia 


nations and four international scientific organizations meeting at Unesco House 
in Paris last January. The papers at the conference will be limited in subject 
matter to original research of “strictly scientific character They will include 
new ideas or methods in the use of radioisotopes, production of radioisotopes, and 
measuring techniques. Machine-made radiation is excluded 

The original prospectus divides subject categories into plenary sessions on new 
developments in measuring techniques and radioisotope production and two see- 
tions devoted respectively to physical sciences and biological sciences, 

\ rough classification of the first 150 abstracts shows that 20 papers are devoted 
to radioisotope production and measuring techniques. Thirty are devoted to 
such physics subjects as polymerization, solid-state investigations, ion exchange 
and metallurgy. Biologists are the heavy contributors with 56 papers devoted 
to animal biology and 20 to botany. Eighteen papers are devoted to subjects of 
chemistry, 4 to geophysics, and 2 to engineering. 
Representative papers. Among interesting papers at the conference is one 
describing a new technique for preparing planar sources of alpha, beta, and gamma 
radiation by Petrova and others of the USSR. 
isotope in an inorganic enamel or the oxide film on aluminum to obtain high yield 
N. Turton of 


The beta radiation from the krypton induces the 


They incorporate the radioactive 


but freedom from contamination. 
England mixes C™ with Kr*, 
labeling of organics with the radioactive carbon by breaking bonds to permit 


In another new technique C. 


entry by C™“ 

In the field of dosimetry another Russian group will report investigations of 
effective electron spectra in beta and gamma fields directed toward more accurate 
calibration of chambers, counting tubes, and films. Taplin of the University of 
California at Los Angeles will report on new dosimetry techniques with trichlor- 
ethylene-phenol-red systems. Behounek of Prague will describe measurements 
of inaccessible activities based on the ionization produced in a current of air 

Fission-fragment-recoil separation is the subject of experiments reported by 


Henry and Herezeg of the French Commissariat A l’Energie Atomique 


Cartoons of archeologists in the desert may have to 


Antiquarians Find 
Radiation Useful 


be modernized to include more than pencil, paper 
They 
tool of study in addition to radiocarbon dating 

A recent National 


pointed toward identifying the clays of ancient potteries 


and pith helmet. are now using radiation as a 


srookhaven Laboratory report describes investigations 


The information is 
useful in tracing ancient trade patterns. Neutron irradiation produces activity 
dominated by Na** and Mn", 


cation tag tor the clay. 


The ratio of the two turns out to be a good identifi- 


Among the esoteric papers to be presented at the Paris Unesco conference 
ibove) is one by three Japanese who have investigated the materials of art 


They 
studied the thickness of gold plating on the largest Buddha image in the world 


objects more than 1,200 years old with backscattered beta rays have 
kept in the Todaiji Temple at Nara and the chemical compositions of glasses 


bronzes, and glazes of objects in the 1,200-yr-old Shosoin Treasury 
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Gaertner M901 General-purpose Cathetometer 


CATHETOMETERS 

Gaertner Cathetometers are designed 
for accurate measurement of vertical 
distances or displacements. They are 
ideally suited for measuring where the 
object or action is remote or not acces 
sible by ordinary means. Gaertner pro 
duces a wide variety of precision-con 
structed cathetometers to meet your 
individual requirements 


® General-purpose Cathetometers— 
These combine a high degree of 
accuracy with a maximum of con 
venience. Range 100 cm, focusing 
range 60 cm to infinity 


For maxi- 


Read 


® Precision Cathetometers 
mum accuracy and rigidity 
ings directly to 1 micron 


© Micrometer Slide Cathetometers— lor 
precise measurement of short vertical 
distances. Range up to 4” or 100 mm 
With telemicroscope, focusing range 
12 cm to infinity 

® Co-ordinate Cathetometers — Permit 
making precise co-ordinate measure 
ments on objects in a vertical plane 
Focusing range 9" to infinity. Co-or 
dinate measuring range up to 24"x42" 


SPECIAL PURPOSE PERISCOPES 
REMOTE OPTICAL STRAIN MEASURING 
INSTRUMENTS 


Write for Bulletin 162-56 
The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicage 14, Iii. 


Telephone: BUckingham 1-5335 
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Radiation research in the petroleum 


industry is in a growth 
Within the past four month 
Cities Sery 
Texas Co 


have opened or announced plans to 


conspicuou 
period, 
four major oil companies 
ice, Gulf, Sinelair, and the 
build radiation facilities. Indication 
are that Standard Oil of 
follow suit in the immediate 


Indiana will 
future 

To get a comprehensive pieture of 
nuclear activities NUCLEONTCS has con 
ducted a special survey of the com 
enteen of the 


vith de 


panies in the field, Sey 
major companies responded 
scriptions of their plans, research pro 
grams, and facilities 

The petroleum industry is probabl 
the most active in exploring applica 
radiation other 
Initially the 


turned to independent research groups 


tions of and nuclear 


techniques, compant 
for their nuclear research As the vol 
ulne increased, the industry tarted to 
invest in its own accelerator radio 


sources, hot cells and = tracer 


The 


shows LI particle accelerator 


active 


laboratories, present urvey, 


Ith Use OT 
planned for installation—-nine Van de 


Ciraaff’s, a linear accelerator, and a 


resonant transformer Six Co sources 


are listed, ranging from 15 to 35,000 


cures, Two compani sare conducting 


reactor irradiations: one group | plan 


ning to build a reactor; and three labo 


ratories have or will have spent fuel 


elements. As is usual in this highly 


competitive industry, it was easy to 


learn about facilities, comparatively 


difficult. to 
102 


learn just what research 


VAN DE GRAAFF installation at Gulf's newly opened Harmar- 
ville, Pa., nuclear laboratory is one of nine machines that large 
oil companies are now using in petrochemical research. This 


NUCLEONICS survey shows the 


Oil Industry 
Enlarging Its 
Radiation Research 


projects are currently under way or 


being considered. 


The complete survey indicating 


facilities, equipment and major pro- 


grams, follows 
Atlantic Refining Co. has been work 


ing since 1955 with a 1-Mev resonant 


transformer electron accelerator at its 


Philadelphia laboratories. It also has 


i loop to test petroleum samples 
at Brookhaven National Laboratory’s 
To date, Atlantic has 


duced sample quantities of octane by 


reactor pro- 
bombarding butane hydrocarbons with 
electron beams 

American Oil Co. uses radioactive- 
Texas City 


tracer techniques at its 


laboratory. They are studying such 
problems as the origin of engine de- 
posits by labeling different fuel compo 
nents with C', 

Cities Service Co. opened a radia 
tion facility at its new Cranbury, N. J 
research center during June. Pres- 
ently the 
6,000 curies of Co™ which was obtained 
from Brookhaven. Radiation work is 


mainly on effects in improving various 


radiation laboratory has 


types of refinery processes, fuel and 
lubricant products 

Continental Oil Co., at its nuclear 
research laboratory 
Okla., will work 


and 


being constructed 
it Ponea City with 


racdiotracers gamma radiation 


Che laboratory will have. a Co source 
capable of 10° r/hr and will have radio- 
tracer facilities for ‘developing various 
techniques and instruments useful to 


oil production and refining 


Esso Research & Engineering Corp., 
New 


Esso 


research arm of Standard Oil of 


Jersey, employs three facilities 
tesearch Center, Brookhaven and Bat- 
telle Memorial Institute. At the Lin- 
den, N. J., research center, a 3,500-c 
Co ource is housed in a hot labora- 
tory, which was completed in 1955 


NU, Jan. ’56, p R10 


for working with low-strength radio- 


a laboratory 


active isotopes is located in an adjacent 


building Specific studies determine 
chemically 
effects ol 


wear, etc 


what gamma rays will do 


to oil materials, measure 


lubricants on auto engine 
At Battelle’s swimming-pool reactor 


aimed at periecting 


experiments are 


ways of using nuclear radiation in 
petroleum refining and in petrochemi- 
Brookhaven 


xploratory nature 


cal production while at 


there is work of an « 


in the reactor. From past tests on a 


small-scale basis, for example, sample 


quantities of gasoline and other oil 
products have been produced with the 


The 


$1-million 


aid of gamma radiation com- 


pany spends more than 


annually on nuclear experiments, of 
which Battelle receives $250,000 each 
year during the course of a three year 
contract 

Gulf Oil Corp., at its newly com- 
A. W. Mellon Nu- 
clear Science Laboratory in Harmar- 
3-Mev Van de 
Graaff accelerator to probe the applica- 
Their 
Van de Graaff is equipped to accelerate 


both positive ions and electrons. The 
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pleted $3-million 
ville, Pa., employs a 


bility of radiation to refining 





NEW 1" DIAMETER 
COMPLETE SCINTILLATION 
ALPHA PARTICLE COUNTER HEAD 


CRYSTAL DETECTORS 
» A) 





BETA PARTICLE 
CRYSTAL DETECTORS 


= Ve dbec 


FAST AND SLOW NEUTRON presents a 
DETECTOR AND X-RAY 


AND PROTON DETECTOR COMPLETE SPECTRUM 


- of 
t- DETECTION EQUIPMENT 
a> 





FAST NEUTRON 
SURVEY METER 


From Scintillation Crystals to Complete 
Systems, National Radiac offers an 
SODIUM IODIDE (TI) ae cialis iedieest ae 
WELL TYPE CRYSTALS entirely specialized production service 
oad Ger snes superior in scope, depth and pioneering skill. 


5'° AERIAL 
SCINTILLATION HEADS 


SINTILON BRAND 


PLASTIC PHOSPHORS , 
——— 7 


2" SCINTILLATION f | 
HEADS 


POWER SUPPLY AND 
COUNT RATE INDICATOR 


National Radiae is the leading grower of scintillation crystals of all types. These 
crystals include: Stilbene, anthracene of the organic type; sodium iodide thallium 
activated of the inorganic type. The highly efficient sintilon brand plastic phosphor 
is also produced by National Radiac. 


Personalized consulting service is available for any crystal, 
nuclear electronic or system problem. 


® For complete details about pc detection requirements, 
write for free literature and specifications to Dept. N-1 


Ta 


Vadhtize «- 475 Washington St., Newark 2, New Jersey 
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An industrial periscope is very 
often the answer to hard-to-get- 
at, underwater, hazardous loca- 
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia- 
tion are problems. . . the peri- 
scope offers unsurpassed clarity 
and definition, true color, and a 
long, maintenance-free service 
lite. Attachments are available 
for photo recording all viewed 
material. 


With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 30! 


KOLCMORGERN 


CORPORATION 
NORTHAMPTON, MASS. 





104 


facility includes a radiochemistry labo- 
ratory for handling highly radioactive 
Work falls into two fields 


nuclear 


materials. 
radiation chemistry and 
physics. 

Humble Oil & Refining Co., a Stand- 
ard Oil of N. J. subsidiary 
2-Mev Van de Graaff positive-ion accel- 


utilizes a 


erator as the primary research tool at 
Humble 


is basically concerned with what radia- 


its Baytown, Texas, refinery 


tion does to hydrocarbon molecules 
making up petroleum. 

Magnolia Petroleum Co., a Socony 
Mobil Co, subsidiary, investigates ex- 
ploration and production problems at 
its field-research laboratory in Dallas. 
To improve interpretation of existing 
Mag 
nolia has two Van de Graaff positive 
0.5 and 2.0 Mey 


irradiator 


radioactive logging techniques 


ion accelerators 


60 


and a 15-e Co™ gamma-ray 


used for active thermoluminescence 
studies of carbonate rocks 
Shell Development Co., 


owned subsidiary of Shell Oil Co., has 


wholly- 


Houston, 
Calif. The 


Houston facility concentrates on explo- 


radiation centers—at 


Emeryville 


two 
Texas and 


ration and production research of 
natural petroleum; it has a 2-Mev Van 
de Graaff positive-ion accelerator and 
facilities to handle radioactive isotopes. 
The Emeryville unit, opened last fall, 
has a 3-Mev Van de Graaff electron 
accelerator to study radiation effects 
on petroleum and its products, besides 
applying radiation in fabricating pe- 
troleum and byproducts. 

Sinclair Research Laboratories, Inc., 
a Sinclair Oil Co. subsidiary, opened 
its facilities in Harvey, IIl., last April 
(NU, July ’57, p. 108). Spent fuel ele- 
ments from AEC’s Materials Testing 
Reactor at Arco, Idaho, are a gamma- 
The 


posed of a radioactive tracer section 


ay source laboratory is com- 
and a radiation section where scientists 
the effects of 


gamma radiation on petroleum proc- 


conduct ‘‘research on 
esses and products” and the applica- 
tion of tracers to the oil industry. 
Socony Mobil Oil Co. is in the proc- 
ess of revamping its nuclear-research 
facilities. Its present facility at Pauls- 
boro, N, bie 


corporated in a nuclear center which 


will be enlarged and in- 


is in early construction stages at Prince- 
ton, N. J. 
2-Mev Van de Graaff electron acceler- 
ator, two hot laboratories equipped to 


Here Socony will have a 


handle spent fuel elements, and Co”. 
Additionally 
with a 10-company combine in oper- 
5-Mw 


Socony will cooperate 


ating a pool-type reactor at 


These 


two centers will do basic research and 


Plainsboro, near Princeton. 
explore hydrocarbon cracking to pro- 
duce high octane gas, and fabrication 
of new byproducts. 

Standard Oil Co. of Calif.’s subsidi- 
ary, California Research Corp., centers 
Richmond 


there is a 2-Mev Van de Graaff electron 


nuclear research in where 
accelerator and a radiation laboratory 
with a Co source delivering about 
200,000 r/hr. 
to use gamma rays in testing effects of 


Primary nuclear aim is 


radiation on lubricants, hydraulic fluids, 
greases and other materials. 

Standard Oil Co. of Indiana is de- 
signing its Whiting, Ind., research cen- 
ter to accommodate an accelerator of 
million electron volts. Com- 
pletion date and operational detail are 
not available, but Standard Oil reports 


that it presently contracts with inde- 


several 


pendent research groups on radiation 
applications in petroleum processing. 
Sun Oil Co., 


limited amount 


Philadelphia, has a 
of radiation research 
taking place, but it employs outside 
assistance. Sun reports that its pres- 
ent work load does not “justify a capi- 
tal expenditure.”’ 

The Texas Co. joined the rank of oil 
companies active in radiation research 
June that it 
would build a nuclear laboratory at its 
The 
laboratory will be equipped with three 
different sources—a 6-Mev 
linear accelerator; a 3-Mev Van de 
Graaff positive-ion generator; and a 


when it announced in 


research center in Beacon, N. Y. 


radiation 


35,000-c Co® source, now under irradi- 
ation at Chalk River, Canada. When 
the facility is completed next spring, 
Texaco ‘intends to explore the possi- 
bility of using nuclear energy to practi- 
cal advantage in its operation” with 
emphasis on Increasing radioisotope In- 
that 
problems in the use of lubricants and 


vestigations bear on the daily 


fuels. Researchers hope to enlarge 
their understanding of how greases and 
oils lubricate, how wear and corrosion 
occur, why certain jet fuels are better 
than others. 

Tidewater Oil Co. reports it is doing 
very little outside of some experimental 
product testing, but they are watching 
developments in this field closely. 

Union Oil Co. of Calif. has used out- 
side facilities involving 
Co 


They study radiation effects on petro- 


gamma-ray 
reactors, and spent fuel elements. 


leum hydrocarbons and other products. 
Future plans call for continuing in- 
how Union best 


vestigation of can 


apply radiation. 
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New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








Double-test-well lead shield speeds 
sample irradiation by cobalt-60 


To speed cobalt-60 irradiation experiments, National 
Carbon Company is now using a novel double-test- 
well shield built by National Lead’. 

The device consists of two main parts. 

The bottom shield, containing the wells, is station- 
ary. During irradiation in one well the other is set up 
for the next experiment. The “step” prevents “beam- 
ing’. “Broken stick” conduits provide access to the 
wells for themocouple leads or other test equipment. 

The top shield, containing a new-type 2000-curie- 
source capsule, positions this source at the desired 
height in the appropriate test well. It also provides 
for a safety interlock. And doubles as the shipping 
container for the source. 


Design meets four basic objectives 


Both shields are carefully designed weldments » Clos 
mild steel; cavity linings, stainless steel... filled by a 
special National Lead process with high-density, void- 
free lead. This construction and the geometry provide for: 
1. A large volume of high intensity irradiations without 
exceeding a 0.1 mr/hr external level; 
Reproducible or variable irradiation rates; 


» 
3. Uniform dosage over the surface of large samples; 
1. 


Irradiations over a broad range of temperatures, 


From a design developed by J. A, 





National Lead offers ‘‘low- 
count’’ lead to isotope users 





From time to time National Lead re- 
ceives lead of extremely low radio- 
activity 


. | 
Lead of this type has proved ex- | 


tremely useful as shielding where 
background “noise” is acritical factor. 


Laboratories and instrument mak- | 
ers wishing to be advised of “dead” 
lead availability should subscribe to 
this fact by writing National Lead 





ADDRESS INQUIRIES concerning 
low-activity lead, lead shielding de- 
vices, lead brick or other lead shield- 
ing materials to your nearest National 
Lead office or warehouse or write:- 


Ghormley and C. J. Hochanadel at Oak 


New lead-filled ip alm Castile Wades Conan 
accelerator beam 
hole shield Five-inch all-around lead protection is 


for the AEC, 








provided by this National Lead-pro- 
duced “Combination Radioactive Ma- 
terial Shipping Container and Van de 
Graaff Accelerator Beam Hole Shield.” 


Despite its high protection and 
built-in extra utility, this 28-inch 
high, 14-inch diameter unit weighs 
only 1500 pounds and is unusually 
easy to handle. Note above-center-of- 
gravity location of lifting lugs, 
handled slide-in plugs, non-tip base. 
Cavity is stainless steel lined. Outer 
case is carbon steel, 


<This unit (one of a pair made by 
National Lead) is used as a storage 
cask for Co-60 in addition to its other 
functions. 


NATIONAL LEAD SHIELDING oe 
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Aeuaunee 


REMOTE CONTROLLED 
RADIOCHEMISTRY 
LABORATORY 


PORTABLE 2-INCH LEAD SHIELDED “CAVE” 
FOR WET PRECIPITATION CHEMISTRY 


To meet the heavy shielding demands of 
strong gamma emitters, the Kewaunee rr 
mote controlled CBR® laboratory is fitted 
with a portable lead enclosure. Designed 
to permit technicians to work remotely 
with constant temperature hot baths, cold 
baths, reagent racks, centrifuge, 
mounts, working racks, reagent storage 
as easily as with the hands 


cone 


Portable shielding never becomes radio 
contaminated—may be moved as required 
to another CBR unit 

If you're working with radiochemistry 
investigate the Kewaunee remote controlled 
CBR laboratory — for greater personne! 
safety, lower operating expense, improved 
quality control, maximum space efficiency 


SF WRITE TODAY 


B) For FREE 
® | ei: 
/ TESTI E Yc 


) 


*CBR—Chemical + Biological + Radiological 


AHeuwnunee 


KEWAUNEE MANUFACTURING COMPANY 
5083 S. Center St., Adrian, Michigan 


REPRESENTATIVES IN PRINCIPAL CITIES 
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Quehanna Reactor 
DeAR SIR 


I would like to correct a misconcep- 
tion that was published in the April 57 
issue of NUCLEONICS (p. 22), which car 
ried a listing of all of the U.S. reactor 
builders 

In the listing, you showed Daystrom 
as a builder of our reactor at Quehanna, 
Pennsylvania, and Curtiss-Wright as 
the customer. This is quite inaccurate, 
since the Curtiss-Wright reactor now 
under construction at our Research and 
Development Center at Quehanna, 
Pennsylvania, was designed and is be- 
ing built under the direction of the Re- 
Div. of Curtiss-Wright in all 
the 
physics of the reactor itself, fuel ele- 
forth. The 


other principal features of the facility 


search 


respects with regard to nuclear 


ments, controls and so 
building, including the general layout 
waste disposal and other facilities, were 
all done by the Research Division. 
The reactor is not being provided by 
Daystrom. Daystrom is providing 
structural iron bridges that support the 
reactor and certain instruments, the con- 
the 
the 


These are in 


trol-rod-drive mechanisms and 


aluminum support structure for 
swimming-pool reactor. 
Curtiss-Wright 
igns and specifications. This repre 
sents about a $55,000 portion of the 
$2,500,000 facility. 

We are 


misinformation, 


ivecordance with de- 


anxious to correct this 
the 


very 
Research 
Division of Curtiss-Wright has a Nu 
clear Power Dept. that has been work 


ing for the pust five years on all facets 

of reactor research and design under 
contract with the USAF and the Ak¢ 
KENNETH CAMPBELI 

General Manager, Research Dit 


Curtisa-W 
Clifton, N. J 


right Corp 


What's in a Name? 
Dear SIR 


For some time many of us engaged in 
the different branches of radiation pro- 
tection have felt that there is a need for 
term to the general 


HT good express 


scope of our varied activities, I con- 
sider such activities to include health 
physics, radiological safety, criticality, 
certain aspects of industrial hygiene, 
Ssani- 
etc. 


physics” is fre- 


radiation chemistry, engineering 


tation, electronics, biophysics, 


Although “health 


quently used to embrace all of these 


ietivities, many of those concerned 


justly object to being called phy SICIStS 
Lauriston 8S. Taylor, in a talk before 
the Health Physics Society in Colum- 


bus, Ohio, in 1955, suggested “ radi- 
ation hygiene” to describe the general 


Handbook 61 of the Na- 


tional Committee on Radiation Protec- 


profession. 


tion proposes the title “A Radiation 
Hygiene Act” 
tection 


for state radiation-pro- 
legislation. It would appear 
that this term is the best suited to de- 
scribe the types of work included. 
There are certain objections to the 
use of the term “‘hygiene”’ because of 
its association with school nurses and 
dental technicians. However, the dic- 
tionary definition shows that it is prob- 
ably the correct term, and its long use 


field 


served to disassociate it with the above 


in the industrial-hygiene has 
connotations. The natural qualifying 
term that would limit it to the field of 
atomic energy and radiation would be 
This 
cussed extensively at the time of the 
the 
Society several years ago. 


radiological.” term was dis- 


forming of Radiation Research 
It was gen- 
erally agreed at that time that the 
medical profession had preempted the 
term “radiology” and that radiologists 
were almost universally understood to 
be physicians. 

It is unfortunate, in my opinion, that 
the Health 
select that particular name since it will 
undoubtedly tend to 


somewhat in the future 


Physics Society chose to 
limit its activities 
I say this be- 
cause | am aware of several instances 
of well qualified, potential candidates 
for American Industrial Hygiene Soci- 
ety membership who have chosen not 
to apply for membership because of the 
The 


ind more proper term of “ occupational 


term industrial.”’ alternative 


hygiene”? would have precluded this 
It is pertinent to this discussion to note 
that after a number of years of discus 
sion on the subject, a national indus- 
trial medical group chose to change its 
name to one embracing the term “ occu- 
pational medicine.” 

Such prolonged discussions of terms 
may appear to some to be quibbling 
but it is my sincere opinion that the 
proper use of terms such as these has a 
profound effect on the general impres- 
sion made within the scientific and in- 
dustrial communities as well as among 
the general publi: 

Hanson Buatz 
Health and Safety Laboratory 


tlomic Energy Commission 


New York, New York 
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Available soon at lower prices 











ZIRCONIUM AND TITANIUM 
FOR INDUSTRIAL USE 


Now is the time to do some new thinking 
about titanium and zirconium. These metals 
with their many advantages will soon be 
much more plentiful at much lower cost. 
teason: U.S.I. will be coming onstream 
shortly with a 10-million pound per year 
titanium plant AND a zirconium plant which 
will supply one million pounds of that metal 
to industry. 

Zirconium from the new plant will sell for 
considerably less than current prices. Here’ 
why: U.S.I. will use the most economical pro 
duction technique ever developed for reduc 
ing metallic chlorides a semi-continuous 
sodium reduction process. This process has 
possibilities of reducing titanium prices in 
the future as well. 

So think again about zirconium and tita 
nium for industrial equipment. Remember 
that they are lighter than other metals — a 
pound goes farther. Remember that they are 
more durable than other metals—a fabricated 
product lasts longer. 

Write to Bill Greenleaf, U.S.I. Manager of 
Metals Department, for more information on 
these new metals from U.S.I. 








NEW U.S.1. BOOKLET GIVES INFORMATION 
YOU CAN USE 


To answer your questions about zirconium 
and its relative, hafnium, U.S.1. has pre- 
pared an informative new booklet—''ZIR 
CONIUM and HAFNIUM.” The booklet 
gives the important facts on these mate 
rials . . . lists mechanical and physical 
properties of both . . . describes briefly 
the new semi-continuous sodium reduction 
process for their production. 


You'll find the outstanding corrosion- 
resistant properties of zirconium com 
pared with other important metals 
phase diagrams of twenty binary alloy 
systems . . . descriptions of several fabri 
cation techniques. 








USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp 
99 Park Avenue, New York 16,N. 


Vol. 15, No. 8 - August, 1957 107 





PRODUCTS AND MATERIALS 














> 


10-Kw Argonaut-Type Reactor Developed 


Argonaut-type education, training and 
research reactor operating at 10° kw 
is called the “ Educator It i 
and graphite-moderated and has graph 


ite reflection system. Low 


water 


operating 


level minimizes excess reactivity and 


amount of contained fission products 
~3.8 kg of U** at 


is small, Fuel is 


20% enrichment 


Sasic element of 


Core construction. 


the reactor is a rectangular prism 
5&5 & 4 ft constructed of graphite 
bars. Fuel 


bundles, are set 


plates, arranged in 24 


into prism in six 
aluminum boxes through which cooling 
water circulates. Construction pro 
vides for three large, 


sources and a thermal column. For 


plane neutron 


shielding experiments and others, tested 
structures are placed against thermal 
column or in shield tank 
Flux density at core’s center is 10"! 


water 


n/em?/sec, 


Cooling system. Water pumped from 
storage tank flows upwards 
plates and out of top of fuel boxes 
through over-flow pipes. (Quick-dump 


valve when tripped drops water from 


108 


past fuel 


tank Addi- 


tional safety feature is diaphragm that 


fuel boxes into storage 


rims two rows of fuel boxes. It will 
25 psi thereby 


shielded 


rupture at pressures 


discharging moderator into 


cooling-machinery pit 


Four swinging-arm- 
rods fit 
pockets in the graphite core structure 


Control system. 


type cadmium control into 
Magnesium plate surrounds pocket to 
shaft 


one can swing rods in or out of space 


prevent blocking. By turning 


between fuel boxes. In an emergency 
cadmium absorbers drop into reactor 
Three of the 
which have an arm swing of 45 deg 


four control elements, 
are used as safety rods, other is control 
rod, Safety 


sec, with any one safety rod able to 


rods’ action time is 0.5 
shut down reactor.—- Designer, General 
Dunedin, 
American Ma- 
Madison 


Nuclear Engineering Corp., 
I'la.; manufacturer, 
chine & Foundry Corp., 261 
Ave., New York 16, N. Y 


* * * 


, 
For more on the Argonaut reactor se 


Vl Varch ‘57, 62 


Reactor Control Instrumentatian 
Designed specifically for use in a Naval 
this 


vhen employed as integrated system, 


reactor system, instrumentation, 


can provide complete monitoring of 
neutron level of any large power re- 
actor. Individual components can be 
used to meet requirements of smaller 
power and research reactors. Low- 
neutron-flux equipment has two chan- 
nels, each consisting of BF, neutron 
detector, detector power supply, and 
pulse-rate 


completely — transistorized 


computer. Neutron pulses from de- 


transmitted over cable, 
SOO ft 


In the intermediate 


tectors are 


which may be from input of 


pulse amplifier 
range equipment there are two chan- 
nels, each with gamma compensated 


ionization chamber, ionization cham- 


ber power supply, and intermediate 
range computer. Power range equip- 
ment has channels operating into one 
with each channel 


shutdown circuit 


including uncompensated ionization 
supply and 
Fairchild Camera 


Svosset, N bf 


chamber, power power 


range computer 


& Instrument Corp 


RADIATION DETECTORS 
AND ACCESSORIES 


Neutron Long Counter 


Unit features subminiature preampli- 
fier constructed into a BF, detector 
tube which allows detector assembly 
to operate 50 ft from electronic 
instruments without sensitivity loss 
Neutron energy response is 100 key 

5.0 Mev 
sec/cm? for PoBe n flux.—-Tullamore 
Electronics Laboratory, 6055 8. Ash- 


land Ave., Chicago 36, Ill 


; sensitivity from 560 cpm/n 
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Loading Face of BNL Research Reactor at >. 4 


Brookhaven National Laboratory, Upton, N.Y. 


New Brookhaven fuel element 
gives improved performance 


‘ 
Scientists and engineers of the alloy clad in aluminum, It is ex- elements,Sylvania-Corning Nuclear 
Brookhaven National Laboratory pected to afford these important Corp. was chosen to supply several 
have conceived a reactor fuel ele- advantage hundred test elements of the new 
ment of advanced design that prom- Higher neutron flux—an increase design. These were installed in the 
‘ oO eatly improve the useful- from the present 5 x 10" up to 3 x 10 central “hot spot” of the reactor for 


of? aN aC , o 
he BNL Reactor Lower total reactor heat output proving out 


w design differs markedly reduction from 24 to 20 megawatts Results have proven satisfactory 
one used originally when _ 3. Less cooling air required—due to im- and Brookhaven has decided to go 
abhawen reartne the first proved aerodynamic design of the ahead with the complete replace- 
cale research reactor in the enriched element ment program based on the new 
i State was put into opera- Higher fuel burn-up of contained ¢sign. Sylvania-Corning Nuclear 
1950 U™-up to40% burn-up with enriched Corp. will supply the 5000 fuel ele- 
elements compared with 10% ob- ments needed 
riginal fuel elements were tained with present natural uranium Whether vour own reactor is in 
iranium slugs, 4 in. by 1.1 fue) : , ; 
Meester enamel in Gann . actual operation, o1 merely in the 
Reduced reactor inventory of U™- planring stage, our scientific and 
im tube from 385 Kg contained in present engineering staff is ready to assist 
mproved two-foot element, fuel to 55 Kg in enriched elements you, too, in achieving improved fuel 
ibove, is an assembly of three With more than eight years’ pio- performance. For your files, write 
ites which contain highly en- neering experience in the fabrication for our booklet on Nuclear Fuel 
(93°,) uranium-aluminum and development of all types of fuel Element 


SYLVANIA-CORNING NUCLEAR CORPORATION, Bayside, N. yY. 
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YOURS 
tor 
the 

ASKING 


A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet.” 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 








Portable Mass Spectrometer 


Analyzing gaseous mixtures or 
liquids being vaporized can now be 
solved with portabli mass spectrome- 
ter using radio-frequency principle, 
modular design permits control unit 
to be separated from analyzer unit. 
Mass numbers appear linearly on 
motor-driven dial thereby making 
mass marking unnecessary. Mass 
range is 2-SO Weighs 115 Ib 
Consolidated Electrodynamics Corp., 
300 N. Sierra Madre Villa, Pasadena 
Calif 


Ratemeter. Model CRM-I1 is de 
signed to power and to detect radio- 
activity sensed by G-M, seintillation 
and proportional counting detectors. 
Ratemeter is equipped with six linear 
scales, covering counting ranges from 
0-300 cpm to 0-300,000 epm. All 
tubes operate below 170° F Nuclear 
Measurements Corp., 2460 N. Arling- 


ton Ave., Indianapolis 18, Ind 


Independent monitor. Model GA-3 
will measure, display, record and con 
trol alarms for y radiation from back 
ground (0.025 mr/hr) to 10°/hr or 
higher in energy range from 8O kev to 
1.5 Mev System consists of control 
unit with meter relay, automatic reset 
three- or six-decade log seale, calibra- 
tion controls, etc, Unit is completely 
self-contained and battery operated 

Riggs Nuclonies Co., 2390 Olive Ave 
Altadena, Calif. 


Scintillation detectors. Models DS5-1 
and DS5-1P, gamma-sensitive dire: 
tional scintillation detectors, are useful 
for research or industrial applications 
where directional characteristics are 
important. DS5-1 is equipped with 
i l-in.? crystal while other model has 


2-in.? crystal Both models may be 
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1 to a, 8, or y well-type 
ition detectors by substituting 
Three colli- 


furnished with each instrument 


rs or. crystals. 


Nuclear-Chicago 
Chicago 10, Il] 


nterchanged 


223 W. Erie St 


LABORATORY INSTRUMENTS 
AND APPARATUS 


an automat 
ermining accurately co 
thermal conductivity for in 
iaterials Temperature 100 
Kk for 
eater; temperatures 60° | 
Hot and cold 
obtained 


hotplate control and 


ooling plate 

iperatures and 

| automatically within 1% 
Inc., 195 Herricks Rd 

Park, N. } 

Remote indi 


humidity 


humidity. 
easure of closed 
located away from area 


d \lechanical 


>» aecuracy 


opera 
Two 
cessary-—-one from 
ndicator to air line 
rea sampled the 
it top of case to 
Sells for $175 


Cambridge St 


leaks 


has neither 


detector. Model 4902 
Unit 


Leak 
I gas/ yl 

quid nitrogen cold traps 

is much as mass 


NRC Equipment 
Newton 


spec- 
etector 
60 Chariemont Bt 


Hig 61, Ma 
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EARTHS 


for 
scientific 
projects 


NOW you can apply the unusual properties of individual 
“heavy” rare earth elements to special scientific projects 
Michigan Chemical Corporation offers oxides and salts 


and 


certain metals — in production quantities and in high purities, 


Prices are reasonable, too. There's no need to develop 
alternate specifications because of cost problems. You can move 


from pilot plant to finished production right now. 


, Whatever your project reactor technology, special weapons, 
electronics, alloys or cermets — Michigan Chemical can 
supply your rare earth needs dependably. Our “heavy” rare 
earth plant is now on stream and ready to serve you. 


Write for information and technical data sheets. 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 


561 North Bankson Street, Saint Louis, Michigan 


RE-56-2 
*Reg. US. Pat. Off 


DYSPROSIUM 
YTTRIUM 


HOLMIUM 
SAMARIUM 


THULIUM «+ ERBIUM - 
EUROPIUM « 


YTTERBIUM -« 
GADOLINIUM e 


LUTETIUM -« 
TERBIUM -« 


111 





E.H.T SUPPLY UNIT 





New high 
performance model 
with three ranges 

of continuously 


variable voltage 


OUTPUT VOLTAGE AND CURRENT: 
Range |. Guaranteed current from 
7mAat 300Vto5mAat 700V 
For use with Range 2. Guaranteed current from 
Geiger Muller tubes 7 mA at 600V to 5 mA at 1500V 
Range 3. Guaranteed current from 
7 mA at 1200V to 4 mA at 3000V 
OUTPUT VOLTAGE REGULATION: 
Within 0.02% for 10% change of supply voltage 
STABILITY 
Better than 0.02% per 24 hours. Output ripple less than 
30 mV peak to peak. 


proportional 





counters, and 
scintillation 


counters 





letails from 


ISOTOPE DEVELOPMENTS LTD 


BEENHAM GRANGE ALDERMASTON WHARF NR. READING BERKS 


ENGLAND 


LONDON OFFICE: 110 MOORGATE LONDON £.C.2° ENGLAND 


Curtiss-Wright 


} 
| 
| 
| 


j 
; 


DEVR* 


The Regulator that 
Applications: Eliminates Distortion 


Besides general laboratory use, thi 
instrument provides simpler, more 
acturate calibration of meters 
better design of transformers, syn 
chros, motors, magnetic amplifiers 330 microseconds recovery time 

easier testing of such compo — fastest regulation available 
nents, with fewer rejects — Reduces line distortion to less 
more accurate measurement of 

: than 0.3% 

magnetic properties and receiver 
sensitivity better computer per Simultaneously provides 4 KVA 
formance elimination of fast of + 1% electromechanically 
line transient effects. Write for de regulated power 
tails. 


Furnishes 1.4 KVA of distortion- 
free, ~-1% regulated power 
without phase shift 


Electronic Equipment Sales Department 
* DISTORTION ELIMINATING VOLTAGE REGULATOR ) 
ELECTRONICS DIVISION 


PRICE MODEL 
$1,699.00 aoe CURTISS-WRIGHT 


F.0.86. Caristadt, N J immediate Delivery Compo ation a 


112 








Breathing Protector 


Unit supplies pure fresh filtered air to 
vorkers from high-pressure air cylin 
ders through reducing valve Small 
diameter hose enables personne! to 
work >250 ft from source of air 
Scott Aviation Corp., 8350 Erie St 


Lancaster, N. Y 


CONTROLLERS AND 
RECORDERS 


Strip Chart Recorder 


Viodel 601 can be used for integrating 
data from chart recordings of such 
process characteristics as flow, pres- 
ure, temperature, et Designed to 
wecept chart up to 37% .¢ in, in size, with 
recorder handling 2 ft of chart in 15 se« 
Librascope, Inc., SOS Western Ave 


tlendale, Calif 


Pressure transducer. Developed for 
ise in data reduction systems, pressur 
transducer converts 3-15 psi signal to 
i-c millivolts directly proportional to 
pneumatic input. Accuracy of trans 
ducer (25% of full seale Fischer & 


3 Jackson ille Rd Hat 
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Two Pen Recorder 
\l DAITR-107 


grating densitometer designed 


i two-pen record 


r paper ¢ les trophoretograms 


itograms (ore pen records 
tical density, absorbence or 
transmission; other pen simul 
ots true integral curve 
Laboratories, 146 Riverdal 


mkKers N \ 


One of the most vital parts of your 
cell—a window to see through—can 
be the least of your worries. 

Just tell us the wall thickness and 
energy level you're working with and 
the viewing area you want 

Then leave the rest to us 

We provide al/ calculations, designs 
and materials, and deliver a pack- 
aged window that is ready to install 


Flow Sensing Elements 


e Your window will be designed 
I owmeter (see cutaway lew 


high temperature and highly specifically to meet the conditions 
f quids it flow rates trom you outline 

1.000 gpm with accuracies +5% It will use one, two, or all three 

» bearings; also, no by-pass of these glasses developed by Corn- 


iry because nothing in jing for radiation shielding 


wmtruct flow 
Corning Code 8362 
lized, non-browning lead glass. Den- 


Can be made , 
Cerium-stabi- 

material compati 
be measured Pot 


Union. N. J sity—3.3 gm. per cc. Equals dense 


Refractive 


itical Corp 
concrete for shielding 
Self-balancing potentiometer. Tran- Index—1.59. 
lual-pen, 5-in. strip-chart re 
correlation of meas 
s dimensions are 
itivity is LO m y 
5% Mt. Sopris 


1320 Pearl St 
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This 60-inch Corning window came to Sinclair Research 
Laboratories completely assembled and ready to install 


You leave a hole in the hot cell... 
we'll do the rest 


Corning Code 8363—Special 


6.2 gm. per ce, 


high- 
lead glass. Density 
Equals iron’s shielding protection, 
Refractive Index—1.98 


Corning Code 8365—Cerium stabi- 
lized, non-browning lime glass 
Density—2.7 gm. per ce. Refractive 
Index—1.52 

Whether dry or oil-filled, the glass 
windows are resistant to corrosion 
and moisture. They do not decom- 
pose or darken under radiation 

One measure of their success is 
the fact that there are more than 250 
Corning windows in use throughout 
the country, ranging up to 60 inches 
in thickness 

For complete details on the glasses, 
the windows, and the services you 
can get from Corning, write for a 
copy of Bulletin PE-S1 


CORNING GLASS WORKS 


16-8 Crystal Street, Corning, N.Y. 


C nang meant stdeddh in Cladd 





need 
high vacuum 
components ? 


‘ 
| 
| 
| 


The Stokes Model 149 Microvac Pump has 
displacement of 70 cu. ft. /min 

is a water-cooled unit. This pump cuts floor 
space requirements . measures less than 
2 feet on a side. This mode! and all pumps 
in the Stokes Microvac line, 17-500 cfm 
capacity, are tested to produce vacuums of 
10 microns of better on blank suction 


| 
| 
| 
| 
| 
| 
Le 


Tsines makes a complete line 
of vacuum components 


advance-designed and engi 
neered to help make your vac 

uum systems more productive. 
Each unit reflects Stokes’ un 
paralleled experience, pioneering 
leadership and wealth of basic 


vacuum technology 


Dif 


sooster 


The product list includes 
fusion Pumps, Vapor 
Pumps, Mechanical 
Mechanical! 
Vacuum Gages, and Valves 


Pumps, 


Booster Pumps, 


Send for technical data on any 


or all . . . without obligation, 


High Vacuum Division 
F. J. STOKES CORP. 
5500 Tabor Road, Phila. 20, Pa 


LITERATURE AVAIL E 


Metal overlays to stainless steel and 
other ferritic base components to make 
them resistant to wear, corrosion and 
heat.—-Cleveland Hard Facing, Inc., 
3407 Stillson Ave., Cleveland 5, Ohio. 


Wrought high-temperature alloys 
with physical properties, applications 
and shape availability in brochure 
1) B-52-250.— Westinghouse 
Corp., PO Box 2099, Pittsburgh 30, Pa. 
High capacity gas thermostats in 
bulletin RT-813.—Robertshaw-Fulton 

Co., 110 E, St., 
Greensburg, Pa. 


Controls Otterman 


G-M tubes and cathode ray tubes. 41 
p.--20th Century Electronics, Dunbar 
Works, Dunbar Street, West Norwood 


London Sk 27, england. 


High-vacuum equipment for laboratory 
ind industrial applications. 23 p 

Consolidated Electrodynamics 
1775 Mt. Read Blvd., Rochester 


Corp 
N.Y 


Selecting appropriate flow meter for 
specific application in bulletin 110 
Brooks Rotameter Co., Lansdale, Pa. 


Engineered and manipulated compo- 
nents; production and testing zirconium 
tubes in reactors; techniques of joining 
beryllium fuel 
heaths, et 16 p.—Tube 
Ltd The Adelphia 


england, 


niobium element 
Invest- 
ments London 


Ws tn a 


Microwave tubes for communications 


radar navigation, severe environmen- 


test-instrumentation 
611 


tal service and 


Varian Associates, Hansen 


Palo Alto, Calif, 


jl p 
Way 


‘Radioactivity at Work,'’ is first of 
series of pamphlets about firm’s activi 
ties. Nuclear Science & 
Pittsburgh 36, Pa. 


Engineering 


( orp 


Electrostatic machines with operational 
data, besides firm’s comments on high 
equipment. 35 p.—SAMES 
Machine s Klee- 


Grenoble, France. 


voltage 
Societe Anonyme de 
trostatiques), 
Power,"’ 


for Atomic 


shows firm’s role in developing both 


‘Engineering 


military and industrial nuclear projects 
since 1942, 36 p.—-Stone & Webster 
Engineering Corp., 49 Federal St., 
Mass, 


soston 


Electric 





SCINTILLATOR 
SOLUTIONS 


Lithium, Cadmium 
Gadolinium, Lead, Bismuth 


Mercury, Uranium 


We specialize in the preparation of 
solutions of high optical transmit- 
tance for use in large scintillation 


counters 


Address Inquiries to 


A. R. RONZIO, Ph.D., Director 


RADIOLOGICAL 
RESEARCH 


INSTITUTE, INC. 
663 Lipan St., 


Denver 4, Colorado 














RADIATION INSTRUMENT CO. 
MODEL 412 MERCURY RELAY 


PRECISION SLIDING PULSER 
for Precise Calibration of Single 
& Multi-Channel 
Pulse Height Analyzers 


Determines Window AUTOMATICALLY 
Widths 10 x MORE 
Using Principle of o NRA RLY nn 
Censtant Angular EAT NTIONAL 
V locity PULSERS 


Incorporates Both Manual Control and 
Motor Drive 


Precision 


Simulates Pulses from Scintillation, 
Proportional, or Geiger Counters 


RISE TIME—lLess than .003 micresec. 

DECAY TIME CONSTANT—!, 10, 100, 
(selecter switch). 

PULSE AMPLITUDE—Continvously veriable from 0 te 
maximum. 
Ranges |, 3, 10, 30, 100, 
fer direct connection of 
lerger pulses. 

POLARITY—Polarity switch permits selection of posi 
tive or negative pulses 

CALIBRATION—Self contained standard cell and nv! 
indicating balence circuit for precision adjust- 
ment 

LINEBARITY—0.1% 10 turn Helical potentiometer with 
5” dial 

SCAN SPEED—2 RPM standerd (1, 3, 5, 6 ond 10 
rpm else available.) 


Price $450.00 f.0.b. Silver Spring, Md. 


Radiation Instrument Co. 
P. O. Box 733 Silver Spring, Meryiend 


350 microsec 


1000 


mV. Provision 
external for 
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Filters and filtration systems for nu- 
clear power and research. 6 p.—Cuno 
engineering Corp., Meriden, Conn, 


Linear variable differential transform- 
ers and their mechanical, electrical | 


features. 19 p.—Schaevitz Engineer- 
ing, PO Box 505, Camden 1, N. J. 


Wide-band oscilloscope (model 411A) 
for general laboratory purpose.—Labo- 
ratory for Electronics, Inc., 75 Pitts St., 
Boston 14, Mass 


Semi-steel valve lines and their appli- 
cation 13 Op Rockwell Mfg. Co., 
100 N. Lexington Ave., Pittsburgh 8, 
Pa 


Induced-draft counterflow cooling 
towers. 32 p.—Foster Wheeler Corp., 
165 Broadway, New York 6, N. Y. 


Laboratory furniture and equipment. 
Metalab Equipment Co., 282 Duffy 
Ave., Hicksville, N. Y. 


Radiation detectors, radiochemicals 
ind accessories with prices. 65 p. 
Nuclear-Chicago Corp., 223 W. Eric 
St., Chicago 10, I 


Sonobraze is ultrasonic equipment for 
fluxl brazing and coating aluminum 

Aeroprojects, Inc., 310 E. Rosedale 
Ave., West Chester, Pa. 


Press-l-Cell measures absolute gage or 
ifferential fluid pressures. 11) p 

cher & Porter Co., 99 Jacksonvill 
td., Hatboro, Pa 


Radioisotope line with specifications 
listed in technical bulletin 14A,—Nu- 
Corp. of America, 196 Degraw 


a1, N.Y. 


Zirconium bibliography lists properties 
et and its alloys—Columbia 
orp., 70 Memorial Drive 

ige 42 \lass 


Berkeley Engineering,’’ New quar- 
I if ition, contains features on 
subjects plus company news 

ent 6348, Beckman/ Berke 

on, 2200 Wright Ave., Rich 


Nuclear metallurgy services and facili- 
research and development. 
earch & Deve lopment, Inc., 


Fume head engineering data, operating 

stics and cost comparisons. 
1s Kewaunee Mfg. Co., 5083 5 
Center St., Adrian, Mich. 
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Effective SHIELDING is a must! 
Be Sate—Specity 


for engineered protection 


Man has always recognized the importance of personal protection during Caesar's time 
a light metal shield was often enough but teday man’s armor has a different design, 
a different purpose: to protect him against invisible, harmful radiation 

The creative design and exacting manufacture of these shielding materials and devices 
have been the vital tasks of RAY PROOF for over 28 years. Here is unmatched “know-how” 
and experience experience that stems from the start of the industry! Thousands of 
RAY PROOF products are already being used by the world's foremost companies and schools 
Entirely dependable performance earned for RAY PROOF the title of “the most trusted 
name in radiation shielding.” 

Increased new facilities make RAY PROOF the largest exclusive shielding producer 
you benefit from improved facilities enabling lower costs. RAY PROOF engineered products 
are available for every energy leve! in the exact style and size needed to fit your 
requirements 

DETAILED INFORMATION—FREE. Send for RAY PROOF literature illustrating these products 
In shielding, complete protection is a must why settle for less than RAY PROOF? 
RAY PROOF CORPORATION, Special Services Department, Room #19, 843 Canal Street 
Stamford, Connecticut 


SHIELDING WINDOW SOURCE CONTAINER SHIELDING DOOR 


Pioneers In The Creative Use Of Materials For Structural Radiation Shielding 
115 





SCINTILLATION 
PHOSPHORS 


introducing 


NE 400 


for new simplicity and 
efficiency in neutron 
detection 


This is @ new type 
composition with Zn$ 


boron 
(Ag) 


polyester 
activator 


© Excellent neviron to gamma response ratio 
© High detection sensitivity 

© Supplied in thin disks of various diameters 
* Also available with enriched 8 


PLASTIC PHOSPHOR 
NE 102 


Our new plastic scintillator possesses 
an extremely high light output (60-65 % 
of anthracene) 1t provides superior 
performance at high counting speed 
with maximum efficiency and greatest 
economy. Available in any size or 
shape 


LOADED LIQUID 
SCINTILLATORS 


in bulk of encapsulated containing Pb 
(for x-ray sensitivity), Gd, 8 of Cd 
for neutron detection, and Scintillating 
Gels for internal counting 


SCINTILLATION 
CHEMICALS 


Wide range of highest purity moterials 


where research COUNTS 


en terprises lid. 





1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co.; 
Nuclear Enterprises (G.B.) Lid 


Bankhead Medway, Sighthill, Edinburgh 11, Scotland 
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Correction 
Data discusses 
ind i 
potentiometers not potentiometers gen- 

as reported in NI 151, 
alif 


INDUSTRY NOTES 


> Beckman Instruments lias formed the 


sheet 54-23 specific ally 


linearity tolerances of Series D 


June ‘57 


He lipot ¢ orp Newport Beach, ¢ 


tems division to manufacture and 


ell automat monitoring and 
With he viquarters 
facilities at Ana 


besides a plant in Rich 


Process 
control 
ind 


heim 


systems 
manulacturing 
alif 
1, the 
ities ol 


new division consolidate 


ioe 


etl two other Berkel aivi 


cientific instrument ind 
John | sishop 
with T, C. Fletcher, engi 


manulacturing 


ion 
Berkeley 
this dir 


ecring 


Ision 
and director 
id Wok 
inother 
tobert J juumann wa 
ng director of the 
ite «cin 


marketing director 


stall 


Rianda 
seckman i gyniment 
named iar 
screntiiic instru 


hon 


PTracerlab ha 
Kelle 


pl lou 


named ‘I homa 


nuclear sales manage! Hi 


nastrument divi 


P Robertshaw-Fulton Controls Co. will 
@ its ¢ offices this fa 
to Richmond, Va 


ecutive 


) 
Pa 


irom 


ensburg 


Eastern Technical Asso- 
on-Hudson, N.Y 


ulting services in such 


PA 


ciates, Hu 


Ww firm 
sting will 


fer con helds 


molecular beams, radi 


discharge 


ind 
i ph CS 


itomi 
and ils 
tltcton Nuclear Corp., Austin, nes 
rganized firm offers physi 
ulting service 


con 


tive-ion accelerator Ww 


firm pritnary resear h tool 


P Fischer & Porter Co. 
Robert L 


promoted 


Rice to general sale manager 


& Packard Instrument Co., | 


i (rrange 


i 


Incorpor ited after operat 


1949 


ing 
ts founding tn 
etorship 

lent: Wi 

ent 


P Isotopes Developments Ltd., 
| ny 


to be ule 


tol ind, has appointed 


manager! 


Laboratories Derveaux, Boulog 
is named exclu 
for ey 


201 reactor 


JUST OFF PRESS 








Nuclear Power 
Engineering 


explanation of 
plants 
operation 


clear 
powe r 


Gives a 
nuclear 
construction 


design 
and 


| fundamentals of 


From essential 


physics to detailed design features of specifx 


aspect is covered 
book in- 


radia 


power reactors every 
In addition to 
helpful 


effects 


unportant 
engineering methods 


cludes information on ympone nts 
and economics of 
production. By H. C. Schwenk, Henry Pratt Co., 
and R. H. Shannon, United Engrs. & Constrs., 
Inc. Ed. by B. G. A. Skrotzki, Engg. and Mgt 


Ed., Power. 344 pp., illus. $6.50 


tion and its plant site 


Nuclear Engineering 


nuclear design work 
flurd flow heat re 


JUST OUT! 
take ou into 


actor 


Whether 


power 


your 
cycle 
shielding, or other areas of the 
ll find in this book latest engineering 
solving of problems 
staff of expert t takes up such 


flow im 


moval re 
held, you 
information for a wide range 
Prepared | a 
topics as mathematical anal plastic 
lor pr 
channel and ther 
Chairman, Nuclear 

272 illus., 


B4l pp., 2/2 


otection of 
Edited by 
Engineering 
$12.50 


thermal stress, design of ority 
coolant 
Bonilla 


Columbia | 


parallel 
( I 


Comm., 


Engineering 
Electronics 


Gives you sound knowledge 
eflectively de 


of elex 
work 


pment for in 


JUST 


tronics 


oud 


theory for gning and 


ing tl modern electron equ 


dust I 


clement 


um basic facts on vacuum tubes as circuit 


to more advanced topics such as switch 


t rectihica 
this big, 666 
covers a broad area in a way that is 
useful. By John D. Ryder, 
Michigan State UL. 666 pp., 796 


ing circu computing amplifier power 


tion and electronic motor cont 
page ook 
clear or ¢, and 


of Engrg., 


$9.00 
Building An 
Engineering Career 


Brings you helpful guidance in choosing the kind 
of engineering career in which you will be success 
ful. Plainly thoroughly « 
engineering branch, the 
volved, the chief 
and job possibilities 


Dean 
illus., 


xplains the scope of 


kind of 


and 
ach work in 


accomplishments of each, income 
and ¢ pointers on prepar 


By C. C. Williams. 3rd Ed 
of Fla. 297 pp., 60 illus., 


ing for such 


by E. A 


a career 
Farber, t 


rev 


$4.75 


10 DAYS’ FREE EXAMINATION 
McGraw-Hill Book Co., Ine FNu-4 ~T 
42 Sint St., York %6 


the book checked 


Dept 


New N. ¥ 


sAmnation on app 
ut for book keep 
and 1 
delivery 


ame retu 


ery costs turn t 


We pay 
coupon 

Nuclear Power Engrg., 
Nuclear 


Engineering 


it 

st 

| 

nk et al | 
Engineering, $12.5 | 
Electronics, $9.5 | 
Career, 44 | 
! 

! 

| 

l 


Building Eng 


For 


write 


price and terms outside Ss 


McGraw-Hill Int'l, N y Cc. FNud 


an an an Gh tai di tatin ie aaa 
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Venice Conference For the field of nuclear spectrometry 


— another Detectolab® Product 


’ - , 
Continued from p. &Y 


int for the neutrons observed e 
wuiironotootm AYtOmatic Gamma Ray 
voltage spikes which are, in 
bserved and which have been 
| in a few cases by the Alder- Ss t R d T 
rroup. Since m 0 instabili- pec rum ecor e 
d be eliminated by a longi- 
magnetic field, such a_ field 
therefore, quench the neutron The Detectolab DZ46 establishes new standards 
tior his has been experimen- of versatility and operating simplicity, aiding precise 
onfirmed in the Livermore work laboratory radiation analysis. 
lifference between the mecha- 
perating in the Livermore and 
iston experiments is evident Automatic single or repetitive scan. 
d, however, be remembered Front panel selection of FIVE scanning 
eld in the Aldermaston work speeds — Ye, Va, "a, Tand 2 rpm of 


: ener v ntrol. 
i the Livermore results by ergy level contro 


of 10° and it was not clear what Front panel selection of scanning limits. 


um detectability for neutrons Automatic repetitive charting 
ermore experiments was with no mirror image. 


Fusion in Russia ; ; 
Automatic operation is a function of the 

Alt igh the Russians who attended |, ; . ; 
incorporated mechanical scanning unit, Model 
onference were pre pared for formal 

itions on subject matter relat- | DZ45. Simple front panel adjustments 

remotely to thermonuclear permit selection of the energy scale to be 

bout the closest thing were : eS 
N. V. Fedeorenko on charee scanned. The Model DZ45 is also separately 


ons), they did present available as a means of converting 
luled p rol » gross sti _ 
paper on the gross sta existing analyzers to 
magneto-hydrodynamic equi- 
onfigurations This paper automatic operation, 
Schafranov. Although 
r only official contribution Write for Detectolab Technical 
Russians at the confer- Bulletins and the name of our 
er interested observers nearest representative 
ger to enter into the in 
ion It should be fur 
bered that it was the Rus Other Detectolab spectrometry 
led the declassified instruments include Model DZ41 
Gomma Ray Spectrometer and 
Model DZ21 Radiation Spectrometer 


the field-—first by Kurcha 
ind later (with still no 

the U. S. and U. K.) at 
Conference last year 
current status of the 
rt the following inferences 


from the conference: 


ontrolled thermonu 
has probably not 

din Russia, 

1 18 sufficiently large 
degree of technical 
th the topic is 





) ours The actual Re 


(——. . 
ete 
project could not be 
[BJ Detectolab Nuclear Instruments ore products of 
general hope that con 
fusion research would be de BORG-WARNER CORPORATION BM 


thin the year 3300 NEWPORT BOULEVARD, SANTA ANA, CALIFORNIA 
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During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- | 


ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 

+ 1 mv, day-to-day. 

0.03 pya full-scale reading @ max. 

0-30, 0-100, 0-300, 0-1000 mv. 

Internal, switch-controlled, 10*, 10'”, 10'? ohm resistors. 

Operates with 1 ma or 100 mv recorder. 

110/120 or 200/250 v, 40/60 cps, 40 w. 

a vero OMly 29 Ibs., complete with cables. 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. © Dept. N 8 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 





RADIOACTIVE WASTE DISPOSAL 
——NATION WIDE— 


® COLLECTION 

@ NUCLEAR TRANSPORTATION 

@ CONTAINERS 

@ RADIOACTIVE WASTE DISPOSAL 


ATOMIC ENERGY 


Waste Disposal Service 
5410 Bond St., Oakland 1, Calif. 
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A McGRAW-HILL PUBLICATION 
330 WEST 42ND STREET, NEW YORK 36, N. Y. 











NEWSMAKERS 


Marvin Fox has joined Internuclear 
Co, as project manager on a nuclear 
power plant to be built for Societé 
Elettronucleare Nazionale (SENN) in 
southern Italy (NU, June ’57, 27). 
Fox had been 

chairman of 

Brookhaven Na- 

tional Labora- 

tory’s reactor di- 

vision, where he 

headed operations 

of the research re- 

} actor since its 
completion in 1950. Last year Fox 
led a State Department International 
Cooperation Administration team 
studying a nuclear research center in 
Manila for Colombo Plan countries, 
and was a consultant to AEC’s ad- 
visory committee on reactor sale- 
guards. Succeeding to Fox’s BNL 
post is Robert Powell, former head of 


the reactor operations division 


National Lead Co. has appointed 
George W. Wunder vice-president 
and manager of the newly formed 
nuclear metals division. In,his 
new post, he be- 
comes general 
manager of sub- 
sidiaries operating 
AEC installations 
at Fernald, O.; 
Win hester, 
Mass.; Grand 
Junction Colo. ; 
and Monticello 
Wash He also becomes director of 
research-development on commercial 
and industrial applications of nuclear 
products and director of his firm’s ac- 
tivities in the Industrial Reactor Labo- 
ratories project (NU, Oct. °56, R65; 
March '57, R9). Sueceeding to Wun- 
der’s previous position as manager of 
the Fernald-AEC site is James H. 


Noyes, assistant plant manager 


In England, H. A, Luss was appointed 
chairman of the nucleonics group ol the 
Scientific Instrument Makers’ Associ- 
ation. He is joint managing director 


of Isotope Developments Ltd 


Cook Electric’s Inland Testing Labo- 
ratories named Miguel A. Xavier 
technical director, and Howard B, Van 


Dagens assistant technical director. 


Harvey Brooks will become dean of 
engineering and applied physics at 
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Harvard Univ. on Sept. 1, succeeding 
John H. Van Vieck, who plans to resume 
research in mathematical physics. 


Leslie L. Smith has joined the central 
research group of the Nuclear Corpora- 
tion of America, New York. He had 
been engaged on dosimetry problems 
with the nuclear research group of 
Convair, Fort Worth, Tex. 


Marian Balicki has joined the staff of 
Sylvania-Corning Nuclear Corp.’s de- 
partment of physical metallurgy and 
ceramics. He had been head of the 
metallurgical engineering division at 
the Polytechnic Institute of Brooklyn 


Joining General Atomic’s Hopkins Lab- 
oratory are physicists Charles C. 
Loomis, from Los Alamos, Charles L. 
Oxley, from Univ. of Chicago; Mark 
S. Nelkin, from Knolls Atomic Power 
Laboratory, Brian Dunne, from Univ 
of Calif. in Los Angeles; and Reid D. 
Carlson, from Navy Electronics Labo- 
ratory. Also, John H. Cawley, electri- 
eal engineer, from Scripps Institution 
of Oceanography; mechanical engineer 
William A. Compton, from Thompson 
Products; and Robert G. Fischer, aero- 

itical engineer, from Atomics 


nternational 


Ridge Institute of Nuclear Studies 
selected Arthur L. Schipper to be 
i tant in the university relations 
division He is a former Notre Dame 
biologist 
American Nuclear Society’s newly 
formed Northeastern New York section 
has nominated W. R. Kanne of Knolls 
Atomic Power Laboratory to be chair- 
in, and V. L. Parsegian of Rensselaer 
Polytechnic Institute, vice-chairman. 


Frederick R. Einsidler has been named 
manager of AMF’s engineering labora- 
tory in Brooklyn, N. Y. 


Promoted at Mallinckrodt Chemical 
Works are William B. Burford Ill, to 
director of inorganic research; Charles 
O. Gerfen, to assistant director of in- 
organic research; and JohnA, Caughlan, 
to assistant director of industrial chemi- 
cals product development. 


Theodore T. Magel will fill the newly- 
tal hed post ol assistant to the 
ce-president and technical director 

Allegheny Ludlum Steel. Pre- 

ious with Nuclear Metals, he will 

be responsible for Allegheny’s nuclear 
materials development program. 
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Can you identify these alchemy symbols ? 


METALS 
FOR THE 
ATOMIC AGE 


The Atomic Age is an age of metals—old metals that find new uses in 
new surroundings—rare and little-known metals, 


Old or new, rare in occurrence or use, these metals may be light, heavy, 
hard or soft. Their use as fuels, or in the structure or controls of nuclear 
reactors will vastly increase the use of all our metal resources 


Vitro is at the heart of metals development for the Atomic Age, both in 
new processes and uses for old metals, and the mining and refining of new, 
rare metals. Through its divisions and associated companies, Vitro mines and 
refines fissile uranium and fertile thorium. Through its research and develop- 
ment activities, Vitro is attacking the production of old, known metals like 
manganese and boron by new and unconventional processes. New metals like 
columbium and tantalum are being recovered and rare earth metals like 
europium, gadolinium, yttrium and samarium are being mined and recovered. 


In these activities, Vitro geologists work as a team with Vitro scientists 
and engineers to seek new deposits of these metals—and to find new means 
to coax them from obscurity into profitable use in the Atomic Age. 


- 
Vitra CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 


@ Research, development, weapons systems Ss Thorium, rare earths, and heavy minerals 





® Nuclear and process engineering, design © Recovery of rare metals and fine chemicals 
A Refinery engineering, design, construction AV wivoratt components and ordnance systems 


2 Uranium mining, milling, and processing CP Ceramic colors, pigments, and chemicals 


1. Gold 2. Lead 3. Tin 4. Copper 5. Silver 6. Iron 








ATOM FAIR ‘57 


The trade fair of the 
atomic industry 


COLISEUM, NEW YORK CITY 
OCTOBER 28-31 


sponsored by 


ATOMIC 
INDUSTRIAL FORUM, Inc. 


CONCURRENT 
Forum atomic industry 
October 28-30; 
American Nuclear 
28-30; 
Professional Group on 
Science, October 31 
and the Conference on 
Safety, October 31, 
ANS, AIF 
Atomic 


WITH Ath 


conference, 


annval 
winter meeting of 
Society, October 
annual conference of IRE 
Nuclear 
November 1; 
Reactor 
sponsored by 
United 


| 
and the States | 


Energy Commission 





FOR COMPLIMENTARY 
TICKETS AND FORUM 
DETAILS——WRITE 


ATOM FAIR 


3 East 54 Street, New York 22 


TRADE FAIR 
CONFERENCE 
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DELTA CHEMICAL WORKS, Inc. 


Jew York 23.N. Y 


7-6317 


e: Plaza 


NUCLEAR CALENDAR 


Aug. 19-24-—High-energy physics sym 
vosium, Oak Ridge National Labora 
@ry and Institute of Nuclear Studies 
‘kopics include theory of elementary 
particles and their interactions, ex 

periments with nuclear-emulsion tech 

niques, bubble chambers and counters 

University Relations Divi 

ORINS, P.O. Box 117, Oak 

Tenn 


Contact 
sion, 


tidge 


electron 
Klectri 


té ports on 


Aug. 20-21 
beam symposium, General 
X-ray dept., Milwaukee 


radiation equipment, appli ations and 


TI hird 


biennial 


economic evaluation of processes in 


chemicals and 
food fields Contact 
Gk X-ray dept., 
Milwaukee | 


plast ics, petroleum 
J. J. Ludwig, 


$855 blectric Ave 


Aug. 20-22 id seintil- 


lation counting, Northwestern Univ 


Conference on Hmqu 


at Technological Institute, i vanston, 
Ill. Coincidence single- 
channel counters, chemistry of liquid 


counter 
scintillators, applications in biology 
medicine, industry, archaeology, phys- 
ics, chemistry and engineering. Con 
tact F. Newton Hayes, Los 
N.M 


Alamos, 


Aug. 28-30 
Alb 
clude 


tion instruments 


Pacific general 
Richland, Wash Sessions in 


ind radia 


mecting, 

nucleons nucleon 
industrial power 
tem ifety Contact R. C. Hoff 

man, 1325 Kimball Ave., Richland 


Sept. 8 13 


requirements 


Conference on water purity 
conditioning 
plants 
Society, New 


Park Ave 


and water 


equipment of nuclear 
American Chemical 
York Contact ACS, 2 


New York 16, N. Y 


power 


Sept. 8 21 Second Luropean atomic en 
lor management Knokke 


La Réserve Contact R. M 
P.O. Box 169, Pari 16, 


Tg Course 
Belgium 
Ballinger 


hrance 


Twelfth annual Instrument 
Automation exhibit, 
ISA Cleveland Cleveland ludilo- 
inn Contact H. 8. Kindler, ISA 
$13 Sixth Ave., Pittsburgh 22, Pa 


Sept 9-13 


conference and 


Sept. 9 13 


nuclear 


International conference on 


structure, co-sponsored by 
International Union of 
Applied Physics, at Re 
Israel Contact Amos de 
physics department, 


Uneseo and 


Pure and 
hovoth 

nuclear 
Institute of 


Shalit, 
Weizmann Science 


tehovoth 


Sept. 9-13 
neutron interactions with the 
Columbia Univ., New York 

Rabi, W. B. Lewis, 

Hughes, KE. P 

W. Siegel, Phys 

, New York 


International conference on 
nucle us, 
Partici- 
pants include I, I 
H A. Bethe, D. J 
Wigner Contact R 
ics dept., Columbia Univ 
7 


Sept. 9-20 


radio 80 Lope s om 


International conference on 
smentihe 
Purpose: 


resear< h, 
Unesco, in Paris exposi 


tion and discussion of new ideas or 
radioiso- 
Plenary 


sessions On production and measure- 


methods for utilization of 


topes in scientific research 
ment techniques, section meetings in 
physical and biological applications 
Contact Dept. of Natural 
Unesco, 19 Av Kléber, Paris 8e 


Sciences 


enue 


Sept. 22-27 


recently-discovered 


Colloquium on mesons and 
particles, Inter- 
national Union of Pure and Applied 
Venice. Contact Prof 
Kligio Perucca, director, Politecnico 
Italy 


Physi 5, in 
Turin 


course 


Oct. 6-12—-Ninth atomic energy 
for management, National Industrial 
Board, in Chicago (Hotel 
VM oraine-on-the-Lake), Highland 
Park, Ill. Contact John McMahon, 
NICB, 460 Park Ave., NYC, 


Conference 


Oct. 7-9—Thirteenth National 
Electronics Conference, Chicago (Sher- 
man 100 technical papers, 240 
exhibits. Contact F. A. Judd, NEC, 
84 | tandolph St., Chicago | 


annual 


’ 


Oct. 7-12—-French Metallurgical Week, 
French Metallurgical Society, Paris 
Contact J. Pomey, president FMS, 25 
rue de Clichy, Paris 9 
Oct. 28-Nov. 1—-Autumn Nuclear Week 
in New York Included are: 28-30th, 
fourth annual meeting of the Atomic 
Industrial Forum (meetings Plaza and 
banquet Waldorf 28 
31st, third annual Trade Fair of the 
Atomic Industry, sponsored by AIF 
28 30th winter 
meeting of the American Nuclear 
Society (Henry Hudson 31st, AEC- 
ANS-AIF reactor safety conference 
And IRE’s 
Nuclear Science holds fourth annual 


meeting 31—-1st (Henry Hudson 


Coliseum; 


Coliseum second 


Professional (¢ iroup on 


Nov. 2-8—Second world metallurgical 
congress, American Society for Metals, 
Contact W. H 
secretary 

3-8th, 
conference on nondestructive 

Contact G. H. Tenney, 704 


N. M. 


Kisenman, 
ASM, 
interna 


(Chicago 
general, 


second 


congress 
Cleveland 
tional 
Lesting 
17th St., Los Alamos, 


Nov. 7-8 
Philadelphia 


pociety of 


Seventh annual symposium, 
Instrument 


Philadelphia 


new 


section of 
America 

Sheraton). Subject: ideas in 
instrumentation evolved from nuclear 
Instruments Fair in 
Warren Brand, 


2100 Arch St 


developments 
cluded, Contact 
Conoflow Corp ; 
Philadelphia 3 


Dec. 24-26 on nuclear sizes 
density distribution, National 
Science Foundation, Palo Alto, Calif 
Contact Robert Hofstadter, Stanford 
Univ., Palo Alto 
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whatever .@” 
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publication needs... 


Equipment Manuals — Product Cata- 
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Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations —-— — and any type of 
technical literature 
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WRITING . .. EDITING 
ILLUSTRATING . .. PRINTING 
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Technical Writing Service* 
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advertising in space 
able in units from one 
both effective 


Rates are per inch per insertion 


12 issues within the contract year, 


1 Time 
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suy section has been established for manufacturers desiring 
units smaller than run of book display space 
to four inches 

and economical, to you, the 


Contract rates are based on the use 
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6 Times 


$20.25 


Send inquiries to Classified Advertising Division 
Nucleonics, Post Office Box 12, N.Y, 36, N.Y 


and is avail- 


Every ad is indexed rhis section is 


advertiser 
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12 Times 
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URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium ° Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Naclear Science and Engineering Comp. 


Subsidiary of Norden-Ketay Corporation 
P.O. Box 10901, Pittsburgh 36, Penne. 








GLOVES 


Bellows accordion type or straight sleeve neo- 
prene, ‘. Rg or surgeon rubber 
complet ne systems for field assembly 
IMMEDIATE DELIV ‘ERY 
P. M. Lennord Co., Inc. 
1 Hanson Place, Brooklyn 17, N. Y. 
Phone Sterling 9-2420 


FILM BADGE 


SALES and SERVICE 





(Stainless Stee!—weights | oz 
Beta, Gamma, X-ray, Neutron, and 
mixed radiation monitoring and 
consultation services. Provides low 
cost permanent records, Write for 
details 

Prompt, reliable service 
NUCLEAR SERVICE LABORATORY 


4020 Buffat Road, NE 
Knoxville 14, Tennessee 








HEALTH PHYSICS SERVICES 
1109-13 Low Street Baltimore 2, Md. 
FILM BADGE SERVICE 


BETA—-GAMMA—-NEUTRON SERVICE 
Report sent out within 5 Days 
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RARE EARTHS 


Highest purity compounds for 
fundamental research in physics and 
chemistry 


Write for information 
of rare earth compounds 


The Gows Chemical Co., Inc. 
P.O. Box 443, Laramie, Wyoming 








Larger Sizes Now Available 


Hi-D™ LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 
Send for Circular GS-4 
PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH « SEATTLE 8, WASH 














DRY BOXES 
GLOVE BOXES 


with atmosphere controls of stainicas sec! 
and transparent plastic. Custom metal and 
plastic fabrication. ?. M. Lennerd Ce., Inc 
1 Hanson Place, Brooklyn 17, N.Y 
Phone Sterling 9-2420 
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OPPORTUNITY IN ISRAEL 





Engineering and Research Technion, the Israel Institute of Tech- 
a TERRIFIC BARGAIN in a Openings for nology, located in Haifa, Israel, invites 
SOLA CONSTANT-VOLTAGE * REACTOR PHYSICS applications for a position in its newly- 


TRANSFORMER 
Ends fluctuating line *REACTOR SHIELDING established 
voltage! * REACTOR CONTROL AND 

BIG DISCOUNT OFF... . SRC oaaer emaanere Division of Nuclear Engineering 


the factory price at « l-input 2,000 VA 
unit! And here's another bonus! This h k fA Prof 
Air Forces 2,000 VA overstock, Soin Cat, No. 30768, bas SALARY commensurate with ability “Se 6 « tees Sew @ 
4 inputs! 00-126 V., 190-260 V., 60 ay. or W ag. Isolated ” 
cueendary ip constant 116.0 V. + 1% from no load to full and experience, 
load of 17.4 amp. Bo, if yes choore, use it ae a 220:115 V 
tep-d . 3] h $07.10 off the factory |-in “ 
ee ee ee ed ba Se ee Men experienced in careers in the 
a Wa ole 204 ibe, ¥.0.8 $147.50 peaceful application of atomic en Candidates should have a degree in 
(EXPORTERS; Note choice of 50 cycles.) ergy are needed to assist Atomik Engineering Science, preferably in Electrical 
THE M. R. COMPANY Power Development Assoc ates ‘ Engineering 
Pr. Oo. 6 ! 0 ly Hills, Collf 
jon_ 1220 Coverty Wille, Coll renowned for work on the fast n the field of Nuclear Engineering. The 


breeder type reactor. This group sup ful applicant ll be required to 
ported by major industrial and utility 
companies is in the forefront of 
pioneering developments in the use 
of atomic energy for electric power 
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as well as additional experience 








ch and direct research ctivitse in Nu 


Engineering » coordinates 
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For further information write 
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SERVICES ATOMIC POWER By submit deteiled applications to the T baal 


Director American Technion Society, 


DEVELOPMENT Fifth Avenue, New York 28, N. Y.; or the 
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OMEGA ENGINEERING CO. 
Specialists ia engineering and piping design REPLIES (Box No.): Address office nearest you NUCLEAR ENGINEER 


for reactor fluid systems, structural contain- c/o This publication Classified Ady, Div 
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of for highly 


70 est 45 St.. N.Y. 17 To take charge a ne course 
4 elected engineering graduates leading to a 
Merrey Hill 9.7254 Position Vacant Master's degree, to co-ordinate instruction in 
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etting up demonstration equipment such as 
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LEADERSHIP 


Our buildings are too young to be 
covered with ivy—this is also true of 
our staff, our ideas, and the problems we 
work on. What’s old fashioned about 
us is our ability to talk about what 
we are doing (most of it) with our 
professional friends and each 

other. Why not talk to us 

about the scientific and 

engineering positions avail- 

able in this congenial and 

informal atmosphere? 


1YONNE 


Sey NATIONAL LABORATORY 
-s oO sted by the U versity of } 
contract with t United States At f 


Inquiries Invited 
METALLURGISTS * CHEMICAL ENGINEERS 
MATHEMATICIANS * PHYSICISTS + CHEMISTS 
METALLURGICAL ENGINEERS * MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS * HEALTH PHYSICISTS 
PLANT ENGINEERS * INDUSTRIAL HYGIENISTS 


Professional Personnel Office * P.O. Box 299 * Lemont. III 





EMPLOYMENT OPPORTUNITIES 
, . 


Aeronautical Engineers 


Range Unlimited in 


Nuclear Propulsion 


Sound fundamental training plus the flexi 
bility necessary to acquire new knowledge 
on the 


job, opens exceptional opportunities 


Aireraft 
at General Electrie 


The professional rewards of these positions 
Association with nuclear experts, 


100% 


are many 


instruction at inplant seminars, a 


to men who can bring nearer the day when Tuition Refund Plan for graduate study. 


the first Small groups, liberal technical assistance, 


and extensive 


nuclear-powered craft is airborne 
research facilities 
immediate Openings for Aeronautical Engi- 
With or Without Previous Nuclear 
Experience in These Areas: 


Merit responsibility 


fully delegated. Salaries start high and are 


reviews are frequent, 


neers 
backed by a model benefit program 


RELOCATION EXPENSES PAID 
PUBLICATION OF TECHNICAL 
PAPERS 1S ENCOURAGED 


Fluid 
Remote 
* Heat 


Thermodynamics & Aircycle Analysis - 
Flow Stress & Weight Analysis 
Handling Power Plant Components 
Choice of two locations 


Ohio or Idaho Falls, 


Transfer Reactor 


Shield Design 


Design & Structures 


Turbo-Jet Idaho 


Cincinnati, 


Write in confidence, stating salary requirements, to location you prefer 
Mr. L. A. Munther 

P.O. Box 535 

idaho Falls, idaho 


Mr. 


J. R. Rosselot 
P.O. Box 132 
Cincinnati 15, Ohie 


GENERAL @@ ELECTRIC 





SENIOR RESEARCH PHYSICIST 
SENIOR ELECTRONICS ENGINEER 


The new Central Research Laboratory of Continental Can Company has several 
opportunities for versatile scientists and engineers with advanced degrees and in- 
dustrial experience to pioneer in the application of acoustics, optics, mathematical 
physics, electronics, rheology, solid state physics, and other fundamental fields to 
long-range industrial problems in such areas as energy conversion, automatic con- 
trols, instrumentation, and communications. 


The wide variety of materials manufactured or fabricated at high speeds by Con- 
tinental includes metals, glass, plastics, paper, fiber, and combinations of these, and 
provides opportunities for advancing knowledge in many new fields. Research 
facilities of the Company’s new Chicago laboratories are believed second to none, 
and are located so as to allow staff members to live in some of the finest western and 
southern suburbs of the city. Proximity to the John Crerar Library, Armour Research 
Foundation, the University of Chicago, Argonne National Laboratory, and many 
leading manufacturers of scientific and technical equipment enhances professional de- 
velopment and expedites accomplishment in chosen fields. 

Staff members will be granted the full degree of individual recognition attainable 
in a total staff of 100 covering the fields of chemistry, metallurgy, engineering, and 
physics, and will have the opportunity to work closely with scientists and engineers 
in the other fields. Salaries and other benefits meet the highest industrial standards. 
Please write, giving a brief resume of qualifications, to Director Physics Research, 
Central Research and Engineering Division, Continental Can Co., 7622 S. Racine 
Avenue, Chicago 20, Illinois. 
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How “big” are you? 

Years of experience are not the only 
yardstick . some men grow faster in 
a year than others in a whole career. 

You should have an engineering de- 
gree, either electrical or mechanical 
or a degree in physics 

You will work on projects of electron- 
ics embracing instrumentation, auto 
mation, and nuclear science 

Brown Instruments Division is the 
world’s leading designer and builder in 
this field . . . and a job here offers every- 


EMPLOYMENT OPPORTUNITIES 


thing in salary, su °rior personnel poli- 
cies, and extra bene.its that you would 
expect of a leader plus advancement 
opportunities limited only by your own 
capacity 

Ask yourself whether you qualify Our 
standards are very high if yours are 
too, we think you'd be happy here 

To inquire, just write your name. ad- 
dress and home telephone number on a 
card, send it in address it, please, to 
Mr. Dan Garvey ... we'll get in touch 
with you 


Good Company «a brew 
you'll work with such men «a 
John Metzger BEE. Villanova 
University With Brown yeare 
Joho ie Assistant Section Head 
of Information Center Apple 
cation Engineering Vivision 


Honeywell srown instRuMENTS DIVISION 


Wayne & Windrim Avenues * Philadeiphia 44, Pa. Fiut iW Contiols. 
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effective 
solution 
for 
shielding 
windows 


THE PROBLEM OF SHIELDING VIEWING WINDOWS is solved 


with an optical grade solution of zir bromide. Prompt delivery of this 


compound, proved satisfactory and in compliance with all AEC 
specifications, is offered by Michigan Chemical Corporation, a quality 


producer of chemicals for more than 20 years. 


For further information let us send 
you a reprint of an article from 
NUCLEONICS . “Design and 
Construction of Viewing Windows”. 


’ MICHIGAN CHEMICAL CORPORATION 
522 Bankson Street, Saint Lovis, Michigan 


NMC ) COMPLETE MONITORING SYSTEMS 
for radioactive 
AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 


Af3,7 
aim . eS a AIR 
MONITOR P MONITOR 
Mobile Mobile 
Model AM 3-A Model AM 2 
(moving filter ) (fixed filter) 


@ Records and warns automatically for periods up to one week, unattended. 

@ Complete monitoring systems or individual units (illustrated) assembied 
from standard components 

@ Custom built to solve any monitoring problem. 

@ Designed for absolute containment of sampled radioactivity 

@ NMC professional consultation included with each instrument 


Nuclear Measurements Corp. 
2460 N. Arlington Ave. + Telephone: LIBERTY 6-2415 
INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N.Y. 


Send for 
FREE CATALOG 


126 
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A ctiwe ‘tracers’ 


Los Alamos Scientific Labo- 


Several hundred isotopically labelled compounds are now produced regularly at 
Mallory & Co., Inc. P, KR... 43 Amersham. They include an unrivalled range of materials needed tor tracer 
Martin Company, The work in biology, pharmacology, medical diagnosis and therapy, and in many 
technical applications of chemical products——pesticides, weedkillers, hormones, 


McGraw-Hill Book Co., Inc..116 and the like. 


Michigan Chemical Corp.. Wd, Most of these substances can be supplied from stock—or in the case of short- 
126 lived isotopes, at reasonable notice-—and their specific activity and chemical 


Minneapolis-Honeywell Reg- purity are generally the highest available today. 
lator Co., Industrial Divi- Some examples from our current production are : 


sion s+ +++ 4th Cover Compounds of Dapsone-S35 


National Lead Company.. .105 Pharmacological Thiosemicarbazide-S 3 5 
National Radiac Inc Interest : ee ene 
imercaprol (B.A.L.)-S35 
Norton Company. 6-n-Propylthiouracil-S 3 5 
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16 Rose Bengal-I131 
Nuclear Engineering Com- Diodone-l131 

pany, Human serum albumin-I131 
Sodium aurothiomalate-Au1g8 
n-Amylmercuric chloride-Hg203 
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.for those who demand 
the best! 





MODEL 210-A 


MODEL 200 


MODEL 206 


IDL 
SCALERS 





A fast all purpose scaler with a maximum resolving 
time of 0.8 » sec @ Designed to operate in con- 
junction with all types of laboratory equipment de- 
livering either a positive or negative pulse © Preset 
time ® Preset count ® Precision regulated high vol- 
tage supply 


A general purpose scaler for use with all types of 
counters ® Proven by extensive use for more than 2 
years ® Non-overloading linear amplifier © 1 milli- 
volt to 1 volt sensitivity @ Linear discriminator ® 5 # 
sec resolving time ® Electronically regulated high 
voltage supply ® Preset time. 


Incorporates all the fine features of the Model 200 
plus a combination of preset time and preset count. 
Shown here with Model S-24 Automatic Sample 
Changer and Printer. 


Write for Descriptive Literature 


RADIATION INSTRUMENT DEVELOPMENT LABORATORY 


5737 SOUTH HALSTED STREET, CHICAGO 21, ILLINOIS 
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SCINTILLA TI 
ATOR 


~ 
For differential pulse height analysis this system offers 

- * p ne Pa. 

a radioisotope users involved in biological tracing or chemical 
analyses a new degree of accuracy and stability. It is 
designed for quantitative and qualitative analyses of 
energy spectra of gamma emitting materials and com- 
prises: a Scintillation Spectrometer with Well-Type 
Scintillation Detector, a Count Rate Meter, Calibrated 


Gamma Energy Reference Sources, and a portable lead- 


shielded Carrying Case. 


Comparison of energy distribution patterns with the 


calibrated gamma energy sources provides reference data 
~ for plotting — and rapid identification of one or more 
a known or unknown isotopes in mixtures, 


» 
a 
fe 


o 
* 
. 
* 
~ 


FEATURES 


e Extremely low background count permits 
measurement of low level samples (activities 


as low as micro-micro curries). 


New non-overloading linear pulse amplifier handles , 

small pulses accurately in the presence of severe Laboratories already engaged in radioise- 

overload and is capable of fast recovery. tope studies or planning such projects will 
find this differential pulse height analysis 


Excellent stability (better than 1%) assures con- system an economical selection a com- 
pletely integrated system, without costly 


sistency of date in repetitive analyses. Les tem 
Ne extras, for precision scintillation counting 
The well-type crystal provides reproducible 
geometry and high counting efficiency 


for low-level radiation, Full information on ee comprising the 
, 


. system may be obtained ¥ requesting technical 
High accuracy count rate meter monitors yam lls 
radiation for personnel protection, 


Sales Representatives in principal cities, U.S., Canada and abroa 


wow Baird—-Atomic, Inc. 


UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 
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Honeywell instrumentation for the APPR 
arrives at Fort Belvoir assembled and tested. 


An ALCO Products atomic engineer operates the Army 
Package Power Reactor at a Honeywell control console. 


APPR instrumentation by Honeywell 


The Army Package Power Reactor is the first 


nuclear electrical generating plant that oan be air- 


lifted to a site. It can deliver 1825 net kw of power 


for a year or more from a single uranium charge. 
It’s equipped with Honeywell instrumentation. 

Built for the U.S. Army by ALCO Products, Inc., 
under contract to the Atomic Energy Commission, 
the APPR is now in operation at Fort Belvoir, Va 


Honeywell designed complete instrumentation for 


the reactor to ALCO’s specifications. The control 
console, graphic panel, recorder board and tem- 
perature monitor were assembled and tested at 
Honeywell's Panel Division, then shipped ready- 


to-install to Fort Belvoir 


In its work on the APPR project, Honeywell drew 
on experience it has gained in every major AEC 
installation since the very beginning of applied 
atomic energy. This same experience can help speed 
the completion of your own project. 


Your nearby Honeywell field engineer knows how to 
wrap up controls for your reactor, critical assembly 
or simulator in a complete, customized package. Call 


him today . . . he’s as near as your phone. 


MINNEAPOLIS - HONEYWELL REGULATOR Co., 


Industrial Division, Wayne and Windrim Avenues, 
Philadelphia 44, Pennsylvania. 


Honeywell 
Ho ost we Coutiols 





